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inscribing  on  this  page  the  name  of  your  Grace,  to 
whom^  as  its  first  President,  it  owes  so  much. 

I  remain,  dear  Duke  of  Devonshire, 

Very  faithfully  and  respectfully  yours, 

I.   LOWTHIAN  BELL. 


Rottnlon  Orange,  Northallerton, 
Ibih  Sept.,  1884. 


PREFACE. 


The  circumstances  which  led  me  to  undertake  the 
present  work  are  described  in  the  beginning  of  the 
introductory  section.  Not  only  have  many  of  my 
leisure  hours  been  occupied  in  searching  for  and  ar- 
ranging information  contained  in  many  volumes  of 
notes,  but  time  which  ought  perhaps  to  have  been 
otherwise  employed  has  been  devoted  to  the  duty  I 
had  promised  to  perform.  Nevertheless  more  than 
four  years  have  elapsed  since  I  was  invited  to  place 
this  result  of  my  labours  in  the  hands  of  the  Iron 
Trade  Association  and  of  the  members  of  the  Iron  and 
Steel  Institute.  This  apparent  delay  has  been  chiefly 
due  to  a  wish  to  extend  my  enquiries  on  some  of  the 
questions  treated  of  in  the  papers  I  had  published  in 
the  Transactions  of  the  Institute.  This  observation  is 
particularly  applicable  to  the  use  of  charcoal  and  of 
raw  coal  in  the  blast  furnace;  and  in  furtherance  of 
these  objects,  not  only  had  additional  experiments  to 
be  undertaken,  but  various  furnaces  in  this  as  well  as 
in  foreign  countries  had  to  be  visited  and  examined. 

The  concluding  section,  in  which  it  is  attempted 
to  compare  the  iron-producing  powers  of  different 
nations  in  their  economical  aspects,  has  involved  a 
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good  deal  of  additional  work.  In  so  fluctuating  a 
trade  as  that  of  iron  the  cost  of  labour  is  constantly 
changing.  My  enquiries  on  this  head  extend  over 
twenty  years;  and  as  it  was  desirable  to  obtain  as 
much  information  of  a  contemporaneous  date  as  pos- 
sible, much  time,  having  this  object  in  view,  was 
spent  in  correspondence  with  manufacturers  in  Europe 
as  weir  as  in  America.  In  treating  this  branch  of 
the  subject,  the  value  as  well  as  the  cost  of  the  raw 
materials  employed  had  to  be  considered.  To  explain 
this,  an  occasional  repetition  of  what  may  be  regarded 
as  purely  scientific  matter  will  be  met  with;  but  I 
preferred  this  course,  in  order  to  make  my  meaning 
plain,  and  to  avoid  trouble  in  referring  to  previous 
sections.  To  some  extent  perhaps,  the  same  observa- 
tion as  that  just  made  is  more  or  less  applicable  to  the 
sections  more  exclusively  scientific.  This  arose  from 
a  wish  to  insert  my  latest  experiments,  some  of  which 
were  continued  after  the  first  portion  of  the  work  had 
been  printed. 

By  many  the  subject  of  the  quantity  of  fuel  con- 
sumed in  the  blast  furnace  may  be  considered  as 
having  been  treated  at  suflficient  length  in  Section  VII. 
This  portion  of  the  enquiry  into  the  smelting  process 
is  the  only  one  which  demands  much  attention,  so  far 
as  economical  production  is  concerned.  I  have  there- 
fore, for  reasons  stated  at  page  234  and  for  others 
connected  with  the  use  of  charcoal,  extended  my 
observations  on  fuel  in  Section  X.,  which  may  be  read 
by  those  who  feel  sufficiently  interested  in  questions 
there  dealt  with. 
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It  will  no  doubt  occur  to  some  who  may  care  to 
examine  with  the  requisite  attention  what  has  beien 
said  on  comparative  costs,  to  take  exception  to  some 
of  my  conclusions.  Such  friendly  critics  will  no  doubt 
remember  the  differences  which  are  to  be  found  in 
the  experience  of  individual  mining  and  manufactur- 
ing establishments.  My  object  at  the  time  of  my 
enquiries  was  one  of  a  purely  private  nature  made 
without  any  intention  of  future  publication.  They 
were  undertaken  for  my  own  guidance,  and  the 
opinions  I  have  formed,  correct  or  otherwise,  are 
faithfully  recorded  in  the  pages  of  the  present  work. 

It  will  be  readily  understood  how  largely  I  am 
indebted  to  my  fellow  workers  in  the  great  field  of 
industrial  enterprise  which  I  have  attempted  to  explore, 
for  information  respecting  their  practice  and  experi- 
ence. I  only  regret  that  the  confidential  character  of 
many  of  the  communications  I  have  received,  prevents 
my  cordially  thanking,  by  name,  those  who  have  so 
materially  assisted  me  in  the  course  of  my  investiga- 
tions. Other  sources  of  information  will  be  found 
acknowledged  in  the  proper  places. 

Under  ordinary  circumstances  I  might  have  dis- 
pensed with  any  allusion  to  the  aid  rendered  by 
experimental  research ;  but  this,  in  my  own  case,  has 
been  done  in  so  careful  and  conscientious  a  way  by 
Mr.  RochoU  in  the  Clarence  laboratory,  that  I  cannot 
refrain  from  acknowledging  his  zeal  in  this  respect,  as 
weU  as  recognizing  the  thought  he  bestowed  on  the 
examination  of  the  numerous  calculations  rendered 
necessary  by  the  nature  of  the  subject. 
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I  would  also  express  my  obligations  to  Mr.  Walter 
R.  Browne,  the  late  Secretary  of  the  Institution  of 
Mechanical  Engineers,  for  his  help  as  the  sheets  were 
passing  through  the  press.  My  son-in-law,  Mr.  Walter 
Johnson,  has  also  afforded  valuable  assistance  in  exam- 
ining many  of  the  statistical  figures  they  contain. 

I.  LOWTHIAN  BELL. 

Rounton  Orange^  Iforlhallerton^ 
16th  S&pty  1884. 
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SECTION  L 


INTRODUCTORY. 

After  the  completion  of  mj  daties  as  a  Juror  at  the  French  Inter- 
national Exhibition  of  1878,  I  was  honoured  by  a  request  from  the 
Board  of  Management  of  the  British  Iron  Trade  Association,  to 
prepare  a  report  on  the  present  condition  of  the  Manufacture  of  Iron 
and  Steely  as  illustrated  by  the  objects  displayed  in  the  different 
buildings  in  the  Champs  de  Mars,  at  Paris. 

I  had,  however,  previously  proposed  to  myself  a  more  extensive 
enquiry  than  that  which  would  be  covered  by  a  mere  examination  of 
the  products  of  the  Iron  Works  of  France  and  of  other  nations,  as 
exhibited  upon  the  occasion  referred  to. 

I  had  published  at  intervals,  in  the  "  Transactions  of  the  Iron  and 
Steel  Institute,"  certain  investigations  into  points  connected  with  the 
action  of  the  blast  furnace,  in  respect  to  which  some  explanation  was, 
it  appeared  to  me,  still  wanting.  The  experiments  bearing  on  this 
question  were  communicated  to  that  body,  as  the  enquiry  advanced, 
and  were  described  in  the  language  of  the  laboratory.  It  was  not 
only  my  wish  to  present  the  general  results  I  had  arrived  at  in  a  more 
consecutive  and  less  unattractive  form  than  that  necessarily  adopted 
under  such  circumstances,  but  to  correct  any  opinion  therein  stated, 
which  further  observation  had  shewn  to  require  modification. 

On  communicating  my  ideas  to  the  President  and  his  Associates  at 
the  Board  of  the  Iron  Trade  Association,  a  ready  willingness  was 
expressed  to  see  my  labours  extended  in  any  way  likely  to  add  to  the 
utility  of  the  object  we  had  in  view. 

The  depression  in  the  iron  trade,  not  of.  Great  Britain  only,  but 
throughout  the  world,  was  the  cause  of  great  uncertainty  and  uneasiness 
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in  the  minds  of  those  engaged  in  its  piosecntion,  and  it  was  mj  wish, 
for  reasons  immediately  connected  with  the  mode  of  mann&ctnre, 
to  embrace  in  the  scope  of  my  labours  some  considerations  of  a  more 
commercial  character,  than  those  nsnally  found  in  scientific  or  tech- 
nological works. 

Considerable  additions  to  the  producing  powers  of  other  nations 
were  do  doubt  partly  the  cause  of  the  distress  in  question ;  but,  under 
ordinary  circumstances,  a  mere  temporary  excess  of  production  brings 
with  it  a  remedy  more  or  less  speedy  in  its  nature.  All  additions  to 
manu&cturing  appliances  are  suspended,  establishments  in  the  least 
favourable  localities  are  brought  to  a  stand,  and  this  process  continues 
until  the  growing  demand,  consequent  upon  wider  civilization  and 
increasing  commerce,  calls  for  increased  activity  on  the  part  of  the 
producer. 

The  iron  trade  was  passing  through  such  a  crisis  at  the  period  in 
question;  and  the  apprehension  entertained  by  those,  whose  capital  was 
embarked  in  certain  mines  of  iron  ore  and  in  malleable  iron  works, 
was  not  that  a  demand  for  the  metal  would  never  revive  at  all,  but  that 
it  would  revive  in  a  form  incapable  of  being  supplied  from  the  produce 
of  their  pits,  or  dealt  with  by  their  present  machinery. 

As  will  be  anticipated,  this  is  one  of  the  results  of  the  inventions  of 
Bessemer  and  Siemens,  by  which  steel  made  by  the  so-called  pneumatic, 
or  by  the  open  hearth  process,  has  already  largely  taken  the  place  of 
iron.  So  far,  indeed^  as  concerns  rails,  in  this  country  at  least,  it 
may  be  said  that  the  puddling  furnace  bids  fair  to  be  ultimately 
superseded  by  the  converter;  unless  at  any  time  the  demand  tor  rails 
shall  be  found  to  rise  in  excess  of  our  means  of  supplying  them  in  steel, 
whether  from  a  want  of  suitable  ore  or  from  a  temporary  deficiency  in 
proper  steel-making  establishments. 

This  recent  addition  to  our  national  industry  requires,  however,  the 
use  of  a  raw  material  hitherto  regarded  as  incapable  of  being  furnished 
by  those  ores,  which,  from  their  abundance  and  cheapness  of  extraction, 
have  placed  Great  Britain  in  her  present  high  position  as  an  iron 
making  nation.  In  consequence  of  this  supposed  unsuitability  of  our 
clay  ironstones  for  Bessemer  pig  iron,  smelting  establishments  and  some 
rail  mills  have  been  constructed  in  the  neighbourhood  of  the  hematite 
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mines  of  Cumberland  and  Lancashire,  which  ahnost  alone,  at  least 
in  ibis  kingdom,  produce  ore  sufficiently  free  from  phosphoras  to 
meet  the  requirements  of  the  Bessemer  or  Siemens-Martin  processes, 
as  generally  practised.  It  soon  became  apparent  that  the  West  of 
England  ores  wonld  be  inadequate  to  meet  the  additional  demand  made 
on  them  by  all  the  new  steel  rail  mills,  and  hence  onr  supplies  had 
to  be  supplemented  by  large  importations  from  foreign  countries. 

The  iron  trade  of  Great  Britain,  with  ample  mining  resourcas 
for  supplying  its  blast  furnaces,  and  with  mills  of  sufficient  capacity 
to  meet  all  ordinary  demands,  has  thus  found  itself  constrained  to 
import  iron  ore  from  abroad,  and  to  construct  new  works  to  replace 
ihose  which  this  sudden  change  of  circumstances  has  silenced. 

Is  there  any  chance  of  a  reversal  of  these  conditions,  forming,  as 
they  do,  a  great  aggravation  to  the  difficulties  which  threaten  almost 
to  overwhehn  a  considerable  portion  of  the  iron  trade  of  this  country  ? 
So  fiEff  as  a  return  to  the  puddling  fiimace  is  concerned,  this  seemed 
at  one  time  hardly  possible;  for,  incredible  as  it  would  have  been  at 
one  time  reg&rded,  hematite  ore  can,  in  the  opinion  of  some  competent 
authorities,  be  brought  oversea  from  a  distance  of  1000  miles,  landed 
dose  to  mines  furnishing  the  cheapest  made  pig  iron  in  Great  Britain, 
and  converted  into  steel  rails,  at  a  lower  cost  than  the  native  ironstone 
of  Oeveland  can  furnish  similar  rails  in  iron. 

Speaking  from  individual  conviction,  I  am  not  disposed  to  take  a 
desponding  view  of  our  purely  national  iron  trade.  The  Bessemer 
converter,  as  hitherto  employed,  retains  almost  all  the  original 
phosphorus  in  the  product.  From  different  quarters  well-grounded 
pretensions  are  now  set  up,  which  promise  to  modify  the  action  of  the 
pneumatic  process,  so  as  to  secure  the  elimination  of  the  phosphorus 
in  the  more  impure  varieties  of  pig.  Failing  this,  the  experience  of  some 
time  past  has  incontestably  proved,  that,  by  means  of  the  open  hearth, 
rails  can  be  manufactured  of  good  quality,  and  yet  containing  a  per- 
centage of  the  metalloid  referred  to,  which  hitherto  has  been  regarded 
as  inadmissible  in  the  Bessemer  converter.  This  modification  of  the 
steel  process  would,  of  itself,  permit  a  certain  portion  of  British  iron 
being  employed,  at  all  events  in  the  manufacture  of  rails ;  but  in 
addition  to  this  it  has  been  demonstrated  as  physically  possible  that 
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pig  iron  containing  1'75  per  cent,  of  phosphorus  can  be  freed  from 
this  element  snificientlj  well  to  afford  steel  of  excellent  quality,  nsing 
the  Siemens  fornaoe  instead  of  the  Bessemer  process  in  the  subsequent 
stages  of  the  process. 

Can  our  own  cheap  ores,  when  burdened  with  the  expense  attending- 
the  differences  of  treatment  referred  to,  compete  with  the  purer  mineral 
of  the  West  of  England  and  elsewhere  ?  This  is  a  subject  which  i& 
largely  occupying  the  minds  of  the  ironmasters  of  this  country.  The 
experience  of  twenty  years  has  reduced  the  cost  of  making  Bessemer 
ingots  to  a  mere  fraction  of  its  former  amount  Giving  it  again  as  an 
individual  opinion,  I  think  that  enough  has  been  done  to  render  it 
highly  probable  that,  at  no  very  distant  day,  any  additional  expense 
incurred  in  adapting  the  usual  make  of  British  pig  iron  to  steel-maMng 
purposes,  will  be  more  than  met  by  the  lower  cost  of  the  mineral 
bbtained  from  British  soil. 

A  large  amount  of  work,  in  the  direction  of  thus  adapting  our 
native  ores,  more  or  less  rich  in  phosphorus,  to  the  purposes  of  steel* 
making,  has  been  done  since  the  year  of  the  French  Exhibition.  The 
delay,  therefore,  arising  from  the  extended  scope  of  my  labours,  and 
augmented  by  other  claims  on  my  time,  has  had  the  advantage  of 
enabling  me  to  examine  the  progress  and  consider  the  future  of  this 
interesting  question. 

Since  the  above  was  written  the  so-called  Basic  process,  as  applied 
to  the  pneumatic  treatment  of  pig  iron  containing  an  excess  of  phos- 
phorus, has  met  with  considerable  success.  In  €krmany  particularly, 
where  the  difference  between  the  cost  of  the  class  of  crude  metal  hitherto 
exclusively  used  in  the  Bessemer  converter  and  that  of  the  commoner 
descriptions  is  greater  than  in  Great  Britain,  a  very  large  quantity  of 
steel  has  been  made  from  pig  containing  upwards  of  2  per  cent,  of 
phosphorus.  It  is  true  that  some  English  manu&cturers  have  expressed 
doubts  whether  the  relative  cost  of  the  two  varieties  of  pig  iron  in 
Great  Britain  will  permit  any  general  application  of  this  dephos- 
phorizing system  in  this  country.  A  most  important  step  in  advance, 
however,  has  unquestionably  been  made — it  has  been  demonstrated 
that  phosphorus  can  be  readily  separated  from  iron  in  the  Bessemer 
converter.     With  this  knowledge  I  have  no  doubt  that  steel  will 
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ultimately  be  made,  if  it  has  not  been  made  already,  on  the  East  coast 
of  England,  and  from  Cleveland  stone,  in  all  probability  more  cheaply 
than  it  can  be  produced  from  ore  imported  from  Spain,  and  more 
•cheaply  also  than  it  can  be  supplied  from  works  on  the  West  coast  to 
the  banks  of  the  Tees. 

The  chemical  conditions  attending  the  so-called  Direct  process  of 
obtaining  malleable  iron  from  the  ores,  are  snch  as  to  prevent  the 
absorption  by  the  metal  of  the  greater  part  of  the  phosphorus  which 
the  ores  contain.  This  has  led  some  to  regard  as  possible  a  return  to 
a  mode  of  manufacture  more  or  less  identical  with  that  practised  in 
prehistoric  times.  Enough  indeed  has  been  done  and  said  in  connection 
with  this  opinion  to  render  it  desirable,  at  the  proper  time,  to  consider 
the  grounds  upon  which  this  revival  of  the  most  ancient  method  of 
producing  the  metal  is  founded.  Again,  by  means  of  some  very 
important  improvements  in  the  puddling  furnace,  hopes  have  been, 
and  perhaps  are  still,  entertained  of  securing  for  what  is  now  under- 
stood and  described  as  malleable  iron,  a  much  more  extensive  sphere 
of  usefulness  than  some  are  disposed  to  imagine  it  is  destined  to  occupy 
in  the  future. 

It  is,  of  course,  at  all  times  difficult  to  lay  down  any  limits  as  to 
what  may  or  may  not  be  capable  of  achievement.  There  seems  but 
one  course  to  pursue,  under  circumstances  requiring  such  serious  and 
immediate  consideration  by  those  interested  in  the  subject.  This 
course  consists  in  a  careful  and  systematic  study  of  the  different  pro- 
-cesses,  either  proposed  or  in  actual  use,  with  a  view  to  ascertain  what 
margin  there  is  for  any  material  change  in  those  processes  themselves, 
and  hence  for  any  marked  advance  in  point  of  economy  or  of  efficiency. 

A  prominent  feature  in  the  competition  which  the  British  iron 
manu&cturers  have  to  encounter,  is  the  great  extension  of  iron  works 
now  taking  place  in  foreign  countries.  Until  a  comparatively  recent 
period.  Great  Britain  enjoyed  many  advantages  from  the  possession 
•and  advanced  state  of  development  of  her  large  fields  of  coal,  as  well 
as  of  the  iron  mines  already  mentioned.  To  a  considerable  extent 
her  position  in  this  respect  has  been  altered  by  the  opening  out  of 
important  carboniferous  deposits  in  different  parts  of  the  world.  If, 
in  addition  to  this  source  of  competition,  drcumstanoes  compel  British 
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manufacturers  to  be  dependent,  to  any  great  extent,  on  Spain  for  their 
supply  of  ore,  our  iron  trade  cannot  fail  to  be  greatly  affected  by  sack 
a  change. 

Again,  the  very  improvements  that  have  taken  place  in  the 
production  of  the  metal  have  sensibly  improved  the  relative  position 
of  other  nations,  less  fevonrably  circumstanced  than  Great  Britain  in 
the  matter  of  mineral  fuel.  To  manu&cture  an  iron  rail  in  Scotland 
fifty  years  ago,  11  or  12  tons  of  coal  would  have  been  consumed.. 
To-day  less  than  one-half  of  this  quantity  suffices  for  the  work,  and 
one-fourth  of  it  is  enough  to  produce  a  rail  of  steel.  Thus,  instead  of 
having  to  multiply  any  difference  in  the  cost  of  fuel  by  twelve,  which 
would  represent  our  former  position,  the  same  sum  has  only  to  be- 
multiplied  by  three  in  order  to  ascertain  the  extent  of  our  present 
advantage.  • 

Within  the  recollection  of  many,  almost  the  whole  world  was. 
more  or  less  dependent  upon  Great  Britain  for  its  supply  of  iron  of 
ordinary  quality.  So  recently  as  1871,  the  United  States  of  America 
virtually  relieved  us,  in  one  shape  or  another,  of  nearly  one-fifth  of  our 
make  of  pig  iron«  This  important  market  was  almost  dosed  against 
us  from  1875  up  to  the  end  of  the  year  1878.  An  unexpected  demand 
for  iron  and  steel  in  the  autumn  of  1879  found  the  United  States,  as 
it  was  alleged,  unprepared  to  meet  its  own  requirements;  in  consequence 
large  importations  were  made  from  Great  Britain,  and  these  to  some- 
extent  still  continue.  So  long,  however,  as  the  present  prohibitive- 
tariff  remains  in  force,  it  is  only  a  want  of  capital  and  labour  which 
will  prevent  North  America,  save  under  exceptional  circumstances,, 
from  supplying  all  its  own  requirements. 

As  to  our  relations  with  the  Continent  of  Europe,  we  have  not  only 
to  meet  France,  Germany  and  Belgium  in  the  open  market,  but,  to 
the  alarm  of  many — as  I  think,  an  unnecessary  alarm — German  and 
Belgian  iron  is  to  a  moderate  extent  imported  into  this  country. 

In  the  hope  of  adding  to,  or  correcting  when  necessary,  the  impres-^ 
sions  derived,  upon  former  occasions,  from  an  examination  of  continental 
works,  I  once  more,  after  the  close  of  the  Paris  Exhibition,  revisited 
some  of  the  chief  seats  of  the  manufacture  of  iron  in  Europe.  In  like 
manner,  so  recently  as  1874,  and  again  in  1876, 1  endeavoured  to  make 
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myself  acquainted  with  the  natural  advantages  possessed  by  most  of 
the  coal-fields  and  principal  iron  ore  deposits  of  the  United  States. 
From  the  information  thos  obtained,  an  attempt  will  be  made  to  com- 
pare the  resources  possessed  by  different  localities  in  the  old  and  new 
worlds  as  iron-making  centres.  This  object  would  scarcely  be  complete, 
unless  the  cost  and  efficiency  of  the  labour  at  the  disposal  of  the  mine 
owner  and  manufacturer  received  some  consideration.  This  last-named 
subject  may  involve  questions  of  a  character  not  so  easily  dealt  with 
as  the  natural  resources  of  the  country  itself.  Such  questions  will 
probably  occupy  hereafter — if,  indeed,  they  do  not  do  so  already — a 
position  of  considerable  importance  with  regard  to  the  interests  of 
Oreat  Britain  as  a  manufacturing  nation.  In  the  matter  of  cost, 
viewed  in  the  abstract,  the  Continent  of  Europe  has  undoubtedly  the 
command  of  cheaper  labour  than  is  to  be  found  in  Great  Britain.  We 
shaQ  be  better  able,  however,  to  compare  the  relative  economy  of  the 
two,  when  other  elements,  besides  that  of  mere  price,  are  brought  into 
the  account. 
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SECTION  11. 


HISTORICAL. 

It  is  certainlj  not  essential  to  the  main  object  of  this  work  that 
the  early  history  of  the  manufacture  of  iron  should  occupy  any  place 
in  its  pages.  Nevertheless,  a  brief  consideration  of  the  various  steps, 
by  which  the  smelting  of  this  metal  has  arrived  at  its  present  position, 
affords  an  opportunity  for  comparing  the  progress  of  recent  years  with 
that  of  preceding  ages.  Hence  a  section,  historical  rather  than 
technical,  may  not  be  without  its  use  as  well  as  its  interest. 

Except  in  the  form  of  those  well-known  meteoric  masses,  in  which 
iron  forms  the  chief  ingredient,  this  metal,  I  imagine,  was,  until  a 
comparatively  recent  date,  unknown  in  its  native  state.  Some  years 
ago.  Professor  Nordenskjold  had  heard  of  its  existence  in  Greenland, 
and  in  1870  he  was  fortunate  enough  to  discover  its  source  on  certain 
islands  in  Davis  Straits.  It  is  there  found  as  small  detached  masses 
embedded  in  Dolerite,  a  circumstance  which  accounts  for  its  preserva- 
tion in  the  metallic  form.  It  is  a  remarkable  fact  that  this  native 
iron  is  usually  associated  with  2  or  8  per  cent,  of  nickel  and  cobalt,  in 
which  particular  it  resembles  the  meteoric  iron  already  referred  to. 
The  subject  has  been  ably  examined  by  my  friend  Dr.  Lawrence 
Smith,  of  Louisville,  Eentucky,^  who  supposes  that  the  heat  of  the 
fused  basalt,  and  the  presence  of  carbon  as  found  associated  with  the 
metal,  had  effected  the  reduction  of  the  original  oxide  of  iron, 
frequently  found  in  this  igneous  rock. 

The  absence  of  iron,  in  its  metallic  form,  in  many  of  the  monu- 
ments of  very  remote  antiquity,  has  led  to  the  belief  that  its  existence 
was  unknown  to  the  earlier  inhabitants  of  our  globe.  In  the 
numerous  instances  when  objects  anciently  used  for  warlike  or  for 
domestic  purposes  have  been  discovered,  they  have  generally  been 
&shioned  out  of  stone,  or  in  more  recent  times  out  of  bronze. 
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In  many  instanoes,  nnqtiestioDablyy  the  abeenoe  of  this  metal  may 
be  set  down  to  its  perishable  natare,  prone  as  it  is,  nnder  atmospheric 
inflnences^  to  rapid  oxidation.  Iron  implements,  protected  from  these 
inflnenoesy  have  been  fomid  in  some  recent  explorations,  and  have 
proved  that  mankind  was  acquainted  with  the  existence  and  value  of 
iron  at  a  mnch  earlier  period  of  the  world's  history  than  was  at  one 
time  believed. 

The  minerals  containing  iron  afford,  it  is  true,  bat  little  indication 
of  their  metallic  nature;  but  this  is  so  easily  rendered  conspicuous  by 
mere  contact  with  burning  wood,  at  very  moderate  temperatures,  that 
accident  alone  must,  where  the  ore  i&  plentiful,  have  led  to  a  knowledge 
of  the  valuable  nature  of  its  composition.  Metallic  iron  being  thus 
so  easily  produced,  little  ingenuity  or  skill  would  be  needed  to  forge  it 
into  a  variety  of  useful  articles,  greatly  prized  even  amongst  the  least 
civilized  communities. 

The  facility  with  which  a  portion  of  the  iron  is  reduced,  and 
separated  from  the  earthy  substances  with  which  it  is  usually  asso- 
ciated in  nature,  would  doubtless  lead  to  its  production,  even  among 
savage  nations,  between  which  no  intercourse  existed.  Colonel  Grant 
kindly  made  a  sketch  for  me  of  a  primitive  forge  which  he  had  seen  in 
operation  in  the  interior  of  Africa,  upon  the  occasion  of  his  discovery 
of  the  sources  of  the  Nile,  in  company  with  Captain  Speke.  In  this 
drawing,  two  natives,  each  working  a  pair  of  single-acting  bellows,  arc 
seen  urging  the  combustion  of  a  small  heap  of  charcoal  situate 
midway  between  the  two.  The  ore,  in  small  pieces,  is  added  from 
time  to  time,  with  fresh  supplies  of  fuel ;  and  this  is  continued  until  a 
mass  of  iron  of  the  required  dimensions  is  obtained.  As  may  be 
imagined,  a  process  carried  on  by  persons  destitute  of  all  mechanical 
contrivances,  save  those  of  the  rudest  kind,  could  make  no  progress; 
and  Colonel  Orant  supposes  that  the  produce  of  the  two  men  did  not 
exceed  a  dozen  pounds  per  day.  On  the  other  hand,  a  furnace 
differing  but  little  from  the  rude  hearth  just  alluded  to,  in  the  hands 
of  more  skilful  mechanicians,  can  turn  out  as  much  as  300  pounds  in 
the  twelve  hours. 

In  some  parts  of  Europe  this  simple  mode  of  making  iron,  per- 
formed in  what  is  known  as  the  Catalan  Forge,  is  still  practised,  as  it 
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has  been  for  some  hundreds  of  years;  and  in  the  United  States  of 
America  as  much  as  80,000  tons  are  annually  obtained  by  a  procesa 
which  is  almost  identical  with  that  witnessed  by  Grant  and  Speke  in 
Central  AMca. 

Whatever  may  have  been  the  precise  nature  of  the  process  by 
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which  in  ancient  times  iron  was  produced,  it  is  dear  that  the 
human  race  was  early  possessed  of  materials  capable  of  forming  tools 
of  great  hardness  and  power  of  endurance.  It  has  been  suggested  that 
some  forgotten  method  of  tempering  bronze,  an  alloy  in  common  nse, 
supplied  the  means  of  cutting  and  even  carving  the  hardest  kind  of 
stone.  It  seems,  however,  equally  probable  that  people  capable  of 
designing  and  constructing  the  monuments  of  Assyria  and  Egypt 
should  have  noticed  that  the  process  of  making  iron,  in  the  rude 
hearth  already  spoken  of,  may  be  so  conducted  as  to  produce  that 
partially  carburized  form  of  the  metal  known  as  steel.  Indeed,  it 
appears  as  if  in  later  times  the  very  same  description  of  Aimace  was- 
employed  indifferently  to  obtain  wrought  iron,  steel,  and  pig  iron. 

It  would,  at  any  rate,  be  hazardous  in  the  extreme  to  ground  any 
settled  opinion  upon  the  state  of  metallurgic  art  in  ancient,  or  even  in 
prehistoric  times,  by  the  state  of  our  own  more  recent  knowledge;  for 
there  is  evidence  which  points  to  the  belief  that  in  some  lands  the  art 
of  making  iron  was,  at  a  very  early  period,  in  a  far  more  advanced 
condition  than  it  had  attained  so  late  as  the  reigns  of  Elizabeth  or 
Charles  I.  in  this  country.  As  an  example  of  this,  there  is  at  Delhi  an 
architectural  column  of  very  great  antiquity,  formed  out  of  malleable 
iron;  it  is  above  16  inches  in  diameter,  and  is  calculated  to  weigh 
upwards  of  17  tons.  Its  existence  proves  that  subsequent  to  the  date 
of  its  manufacture,  a  great  decadence  must  have  taken  place  in  the 
art  of  working  the  metal;  for  I  am  not  aware  that  there  remains  any 
later  record  of  the  existence  in  the  Indian  peninsula  of  the  means  of 
forging,  in  so  perfect  a  manner,  so  large  a  mass  of  iron. 

The  hearth  and  Catalan  fire — as  the  latter  was  called  from  its  use  in 
that  province — blown  by  means  of  a  &11  of  water  known  as  the  trombe, 
or  by  bellows,  were  the  only  means  employed  for  ages  in  furnishing  the 
world  with  the  iron  it  required.  We  are,  singularly  enough,  left  to 
conjecture,  not  only  when,  but  in  what  manner  the  next  step  in  its 


BBCmON  II. — HISTORICAL.  11 

mannfacfcure  wss  broaght  about.  This  want  of  precise  knowledge  is 
the  more  remarkable,  seeing  that  the  change,  consisting  in  the  produc- 
tion of  cast  iron,  has  probably  been  effected  within  the  last  three 
oentorieSy  and  that  it  altered  entirely  the  character  of  the  operation 
in  which  it  virtually  constituted  the  first  really  great  improvement. 

Contemporaneously  with  the  use  of  the  Catalan  hearth,  at  all  events 
in  later  times,  the  Stiickofen  was  worked  in  Germany,  and  the 
Osmund  furnace  was  employed  in  Sweden,  both  being  driven  with 
compressed  air.  A  mere  addition  to  the  height  constituted  all  the 
essential  difference  between  these  two  forms  of  furnace  and  their 
primitiTe  predecessor.  This  change  of  construction  would  probably 
be  suggested  by  an  expected  economy  in  fuel,  or  an  increased  produc- 
tion of  metal,  or  by  the  hope  of  combining  both  these  objects.  It 
seems  doubtful,  however,  whether  the  weight  of  malleable  iron,  or  of 
''blooms,''  obtained  by  means  of  either  description  of  furnace  ever 
exceeded  two  or  three  tons  per  week. 

The  German  Stiickofen  was  usually  about  10  feet  high,  but  this  was 
increased  sometimes  to  as  much  as  16  feet,  with  a  diameter  at  its 
widest  part  of  5  feet.  The  breast  was  built  up  temporarily  with  brick- 
work, which  was  removed  when  the  bloom  of  wrought  iron  was  ready 
for  the  hammer.  It  cannot  be  doubted  that  in  such  a  form  of 
apparatus  cast  metal  would  be  occasionally  formed. 

This  last-mentioned  circumstance  in  all  probability  paved  the  way 
to  the  construction  of  the  Blauofen,  an  invention  for  which  we  are 
likewise  indebted  to  the  German  people.  In  it  the  height  was  some- 
times as  much  as  25  feet,  by  probably  6  feet  at  the  widest  part.  With 
such  dimensions  as  these  there  would  be  no  difficulty  whatever,  by 
proper  treatment  of  the  ores,  in  combining  the  metal  with  sufficient 
carbon  to  obtain  a  constant  supply  of  cast  iron;  and  there  seems  no 
doubt  that  by  means  of  the  Blauofen  this  was  attained  in  actual 
practice.  At  the  same  time  mere  capacity  will  not  of  itself  suffice  for 
the  production  of  what  is  now  known  as  pig  iron.  If  the  ore  and  fuel 
were  employed  in  such  proportions  that  complete  reduction  of  the  oxide 
was  rendered  impossible,  a  substance  containing  little  or  no  carbon 
would  be  the  product,  in  whatever  form  of  furnace  the  operation  was 
conducted.      Accordingly  we  find  the  Blauofen  at  one  time  used  as  a 
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means  of  obtaining  cast  iron;  an  addition  being  then  made  to  the 
^  quantity  of  charcoal  consumed.    On  other  occasions  the  same  furnace 
was  employed,  like  the  Stuckofen,  for  the  production  of  malleable  iron 
or  of  steel. 

Iron-foundries  are,  it  is  true,  spoken  of  by  early  writers  as  existing 
above  800  years  ago.  From  the  context,  however,  it  seems  dear  that 
the  term,  notwithstanding  its  obvious  derivation,  was  not  applied,  as 
it  is  in  our  own  day,  to  the  i*unning  of  the  metal  in  a  state  of  fusion, 
into  moulds,  but  was  employed  to  designate  establishments  for  forging 
or  working  up  malleable  iron,  merely  softened  by  heat  obtained  in  the 
hearths  already  described. 

In  the  work  of  Agricola,  bearing  the  date  of  1556,  there  is  no 
allusion  to  the  Blast-furnace ;  the  only  arrangement  described  for 
obtaining  iron  being  a  kind  of  Catalan  hearth,  in  which  the  product^ 
as  we  have  already  seen,  is  malleable  and  not  cast  iron.  About  1618, 
as  we  learn  from  Dud  Dudley^s  MetaUum  Martis,  this  unfortunate 
pioneer  in  the  manufacture  of  iron  was  engaged  in  his  attempts  to 
substitute  pit  coal  for  charcoal ;  and,  as  he  distinctly  mentions  mottled 
and  grey  iron,  there  is  no  doubt  that,  anterior  to  his  time,  the  blast 
furnace  was  in  existence.  The  writings  of  these  two  authors,  Agricola 
and  Dudley,  appear,  therefore,  to  fix  the  date  of  its  intaroduction  at 
somewhere  about  the  beginning  of  the  sixteenth  century. 

Seeing  that  the  date  and  precise  manner  of  the  introduction  of 
the  blast  furnace  itself  are  so  uncertain,  it  is  needless  to  consider, 
with  any  minuteness,  the  circumstances  which  led  to  the  making  of 
cast  iron  the  first  stage  in  the  manufacture  of  the  malleable  metal. 
Without  the  faintest  glimmer  of  scientific  knowledge  to  guide  them  as 
to  the  fundamental  difference  between  the  two  forms  of  iron,  it  is 
nevertheless  easy  to  comprehend  that  the  forge  owners  of  the  period 
Would  be  led  to  apply  the  same  treatment  to  the  crude  metal,  which 
had  been  found  successftd  with  the  ore.  This  much  is  quite  certain, 
that  a  hearth,  not  differing  greatly  in  construction  from  the  Catalan 
fire,  remained,  until  near  the  close  of  the  last  century,  the  only  means 
of  producing  malleable  metal  from  pig  iron:  indeed,  for  the  finer 
kinds  of  bars,  the  process  is  still  practised  in  Sweden,  Bussia  and  else- 
where, one  modification  being  known  as  the  Lancashire  hearth. 
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The  product  of  the  first  blast  furnaces,  so  long  at  least  as  they 
were  of  small  dimensions,  woald  be  white  cast  iron :  and  this,  being 
useless  for  the  foonder,  would  doubtless  all  be  converted  into  the 
malleable  form  of  the  metal,  and  hanmiered  in  the  waj  still  pursued  in 
the  small  forges  of  the  countries  above  mentioned. 

Down  to  the  end  of  the  sixteenth  century,  the  only  combustible 
employed  in  iron  works  was  that  afforded  by  the  forests  of  the  day; 
but  the  demands  upon  the  resources  of  the  latter  became  so  large  that 
regard  for  other  requirements  compelled  legislative  enactments  to  be 
passed  in  England  regulating  the  felling  of  timber.  Such  a  state  of 
things  naturally  led  to  the  consideration  of  the  fitness  of  mineral  coal 
as  a  substitute  for  charcoal;  and  towards  the  middle  of  the  seventeenth 
century  we  find  Dudley  engaged  in  perfecting  plans  for  ''  making  of 
iron,  and  melting,  extracting  and  refining  all  minerals  and  metals  with 
pit  coal,  sea  coal,  peat  and  turf." 

This  early  adventurer  in  the  iron  trade  had  many  difficulties  to 
contend  with.  Floods  swept  away  his  works,  unscrupulous  competi- 
tors destroyed  his  machinery,  and  dishonest  partners  completed  his 
ruin.  It  would  not,  however,  appear  that  veiy  marked  success  had 
attended  his  efforts,  if  it  be  true  that  seven  tons  was  the  outside  weekly 
product  of  his  furnaces;  being  only  about  half  that  usually  obtained 
from  the  charcoal  furnaces  of  his  time. 

It  is  very  probable  that  mechanical  science,  as  it  existed  in  the 
seventeenth  century,  although  capable  of  contriving  means  of  blowing 
a  charcoal  furnace,  was  unable  readily  to  devise  appliances  adapted  to 
forcing  the  air  through  pit  coal,  which  was  used  just  as  it  came  from 
the  mine.  The  effect  of  heat  in  charring  coal,  so  as  to  convert  it  into 
ooke,  must  have  been  known  at  that  time;  for  in  Plot's  '^  History  of 
Staffordshire''  we  learn  that  "  Cokes  for  melting  and  refining  of  iron 
cannot  be  brought  to  do,  though  attempted  by  the  most  cunning  and 
carious  artists." 

For  something  like  half  a  century  the  idea,  which  had  proved  the 
rain  of  Dud  Dudley,  slept.  It  was  then  revived  by  Abraham  Darby, 
a  name  deservedly  held  in  high  esteem  among  the  promoters  of  indus- 
trial science.  Not  only  was  the  invention  of  his  predecessor  brought 
te  a  snooesBfuI  issue  by  his  perseverance,  but  he  did  much  at  the  begin- 
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ing  of  the  last  centary  to  spread  the  use  of  cast  iron  for  foundry 
purposes.  It  was  about  the  year  1783  that,  in  spite  of  the  failures  of 
''the  most  cunning  and  curious  artists,"  this  distinguished  man 
succeeded  in  using  charred  coal  or  coke  in  his  iron  furnaces.  Not- 
withstanding the  importance  of  the  discovery,  circumstances  were  such 
that  the  annual  make  of  pig  iron  gradually  fell  off;  so  that,  in  1740, 
of  800  furnaces  which  had  been  blowing  in  the  middle  of  the  previous 
century,  only  59  were  in  blast.  Their  production  in  that  year  was 
only  1 7,350  tons,  and  this  very  small  yield,  due  probably  to  interrup- 
tions in  their  work,  left  30,000  tons  to  be  imported  to  meet  the  wants 
of  the  country.  The  march  of  improvement  seems  to  have  been  but 
languid,  for,  with  the  aid  of  the  steam  engine  and  the  substitution  of 
iron  cylinders  for  leathern  bellows,  the  average  weekly  make  in  1788 
of  the  85  fdrnaces  in  the  kingdom  was  scarcely  15^  tons  per  furnace. 
Of  the  total  annual  quantity  produced — ^viz.,  68,300  tons — ^about  four- 
fifths  was  smelted  with  coke,  and  the  remainder  with  charcoal. 

Such  were  the  insignificant  proportions  of  a  trade,  now  so  vast, 
when,  about  the  year  1784,  another  inventor,  Henry  Cort,  rendered  as 
important  service  to  the  manufacture  of  malleable  iron  as  Abraham 
Darby  had  afforded  to  the  smelting  of  the  ore.  To  his  ingenuity  we  owe 
the  grooved  rolls  and  the  puddling  process  of  our  iron  works;  and  it 
is  no  exaggeration  to  say  that  to  these  two  inventions  we  are  mainly 
indebted  for  those  changes,  which  separate  so  sharply  the  last  40  or  50 
years  from  the  world's  previous  social  history.  With  no  better  imple- 
ment than  the  hearth  and  the  forge  hammer,  as  they  are  used  to  this 
day  in  Sweden,  it  would  have  been  practically  impossible  to  produce  a 
railway  bar  or  a  ship  plate;  and  who  can  set  a  limit  to  the  aid  these 
two  articles  have  afforded  to  the  unprecedented  strides  which  have  been 
made  during  the  period  referred  to  ? 

A  more  recent  invention  may  possibly  complete  the  revolution  in 
the  manufacture  of  iron,  of  which  the  beginning  has  just  been  described, 
by  superseding  the  puddling  furnace  in  its  turn;  but  the  facts  as  stated 
will  remain  unaltered.  Indeed,  admitting  that  steel  or  ingot  iron  will 
ultimately  occupy  the  place  of  puddled  iron,  there  seems  but  little  likeli- 
hood of  a  rail  of  either  material  being  obtained  without  the  assistance, 
of  a  rolling  mill,  for  which  we  owe  so  much  to  the  inventor  of  puddling. 
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The  a^dfienoe  of  all  continouB  records  of  onr  indastry  prevents  our 
doing  more  than  estimating,  in  a  yeiy  rude  way,  the  statistical  progress 
made  in  the  manafactnre  of  iron  by  the  assistance  of  the  puddling 
furnace  of  Cort.  Within  seven  years  of  its  introduction,  however, 
evidence  was  given  before  the  Conmiissioners  of  the  Navy  that  50,000 
tons  of  pig  iron  were  annually  converted  by  means  of  the  process  he 
had  devised.  If  this  statement  be  correct,  it  would  appear  that  its 
value  was  quickly  acknowledged  by  those  interested  in  its  application; 
although  some  refused  to  reward  the  inventor,  who,  from  circumstances 
for  which  he  was  not  personally  responsible,  was  allowed  to  die  without 
reaping  any  benefit  from  the  undoubted  service  he  had  rendered  to 
mankind. 

Some  thirty-two  years  after  the  first  introduction  of  the  puddling 
furnace — ^viz.,  in  1816 — another  unrequited  discoverer,  Samuel  Bald- 
wyn  Eogers,  greatly  added  to  its  value  by  substituting,  for  the  sand 
bottom  of  Cort,  one  of  iron,  protected  by  a  coating  of  oxide  of  iron. 
The  very  great  importance  of  this  change  will  be  more  conveniently 
indicated  when  the  process  itself  is  described;  suffice  it  now  to  say 
that  it  added  greatly  to  the  dm*ability  of  the  furnace,  as  well  as  to  the 
quality  of  the  product. 

The  introduction  of  successive  minor  improvements  in  the  develop- 
ment of  the  blast  fiimace,  the  invention  of  the  puddling  process,  and 
the  employment  of  mineral  fuel  instead  of  charcoal,  both  in  smelting 
the  ore  and  converting  the  pig  into  malleable  metal,  were  followed  by 
marked  economy  in  both  operations.  An  extended  use  of  cast  and  wrought 
iron  was  the  natural  result  of  reductions  in  price.  It  will  be  remem- 
bered that  in  the  year  1788  the  weekly  make  of  the  blast  furnaces  then 
in  existence  averaged  15^  tons;  and  although  I  have  been  unable  to 
obtain  any  exact  figures  as  to  the  make,  it  is  highly  improbable  that 
the  total  annual  production  at  that  period  exceeded,  if  it  even  reached, 
70,000  tons.  In  1796  the  annual  make  per  furnace  in  Great  Britain 
is  given  at  1,032  tons,  or  just  within  20  tons  per  week.  In  the  event 
of  the  121  furnaces,  mentioned  as  having  been  in  existence  at  this 
period,  being  in  blasts  the  make  would  have  amounted  to  125,000  tons 
for  the  year. 
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As  nearly  as  can  be  made  out  by  reference  to  Scrivener  and  other 
aatBorities,  the  following  figures  shew  the  weekly  average  make  of  the 
British  blast  fiimaces,  when  in  blast,  at  the  above  mentioned  dates: — 

1788. — 15k  tons,  using  ordinary  clay  ironstone. 
1796.— 20     do.  do. 

1806.— 21      do.  do. 

1827.— 85»    do.  do. 

The  subjoined  values  of  English  pig  iron,  for  each  fourth  year,  are 
taken  from  Tooke's  History  of  Prices: — 


1782. 

£  8. 

6  0 

d. 
0 

to 

£  0. 

7  \0 

d. 
0 

1786. 

3  0 

0 

91 

6  10 

0 

1790. 

3  0 

0 

99 

7 

0 

0 

1794. 

6  0 

0 

» 

8 

0 

0 

1798. 

6  0 

0 

»> 

8 

0 

0 

1802. 

6  10 

0 

n 

9 

0 

0 

1806. 

7  0 

0 

M 

9 

0 

0 

1810. 

7  0 

0 

n 

9 

0 

0 

1814. 

7  0 

0 

f» 

9 

0 

0 

1818. 

7  0 

0 

f) 

9 

0 

0 

1822. 

6  0 

0 

n 

7 

0 

0 

1826. 

6  10 

0 

n 

10 

0 

0 

per  ton. 


n 
n 

M 

91 
If 


^  No  reason  seems  to  be  assi^ed  for  these 
i       extreme  variations  of  prices. 
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The  quotations  of  £7  to  £9  remain 
unchanged  for  15  years— viz.,  from 
,,     I       the  beginning  of  1804  to  the  end  of 
„     )       1818. 

19 

)  The  highest  quotation  occurs  in  the 
"      J       year  1826,  viz.,  £12  per  ton. 

It  has  thus  been  made  manifest  what  a  wonderful  change  the  forty 
years  ending  1828  had  effected  in  the  iron  trade  of  this  kingdom. 
During  this  period,  the  weekly  make  of  a  furnace  was  more  than 
doubled ;  and  the  total  annual  production  rose  from  70,000  tons  to 
700,000  tons.  We  shall  subsequently  see  how,  during  the  succeeding 
forty  years,  the  85  tons  run  weekly  from  a  furnace  came  to  exceed  400, 
and  how  the  yearly  make  of  700,000  tons  approached  very  closely  to 
7  millions.* 

In  1828,  under  the  condition  of  things  just  described,  it  occurred 
to  the  mind  of  James  Beaumont  Neilson  that  heating  the  air  before  it 

>  This  refers  to  such  furnaces  only  as  were  using  ordinary  clavband  ironstone; 
the  make,  when  the  mineral  was  the  rich  hlack  hand  of  ScotUnd,  heing  very  much 
higher. 

*  Since  this  was  written,  the  returns  for  1881  give  the  quantity  of  pig  iron 
made  in  that  year  as  having  reached  8,852)623  tons. 
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reached  the  fael  might  be  useful.  It  would,  in  my  opinion,  be  difficult 
to  justify  the  reasonableness  of  this  expectation,  with  all  the  lig^t 
which  the  previous  and  subsequent  labours  of  physicists  have  thrown 
.on  the  subjects  of  heat  and  combustion.  The  idea,  however,  possessed 
a  certain  attraction,  and  it  was  speedily  put  to  the  test  of  experiment. 
The  result  was  that,  within  four  years  of  its  introduction,  the  furnaces 
at  the  Clyde  works,  in  Scotland,  wei'e  running  more  than  double  their 
former  make,  without  requiring  more  fuel  for  the  larger  than  for  the 
smaller  quantity.  In  other  words,  the  consumption  of  fuel  per  ton  of 
iron,  when  burnt  with  air  heated  to  600  deg.  F.  (815  deg.  C.),  was 
less  than  one  half  of  what  it  was  when  using  the  blast  at  atmospheric 
temperatures. 

The  utmost  surprise  was  excited  among  scientific  men  by  these 
results,  the  examination  of  which  will  be  best  deferred  until  the  action 
of  the  blast  furnace,  chemically  and  otherwise,  forms  the  topic  of  con- 
sideration. I  win  then  endeavour  to  explain  the  precise  mode  of  action 
of  the  hot  blast,  the  introduction  of  which  was,  at  the  time,  of  such 
immense  value  as  to  constitute  undoubtedly  one  of  the  most  marked 
epochs  in  the  advancement  of  the  iron  trade. 

At  the  period  to  which  we  have  brought  this  history,  the  compara- 
tive cheapness  of  iron  had  considerably  extended  its  application  not 
only  to  those  objects  to  which  it  had  been  long  adapted,  but  to  certain 
new  inventions,  many  of  which,  but  for  its  assistance,  would  have 
remained  unthought  of.  Chain  cables  for  mooring  ships  had  taken 
the  place  of  hempen  ropes;  pipes  of  iron,  instead  of  wood,  conveyed 
the  water  required  in  our  towns;  and  before  long  all  great  centres  of 
population  were  illuminated  by  gas,  distilled  in  iron  retorts,  and  led  in 
metal  piping  to  the  different  points  of  consumption. 

For  the  economical  transport  of  great  weights  of  any  material, 
water  communication  was,  at  the  time  at  which  we  have  arrived, 
deemed  indispensable.  Where  natural  facilities  did  not  permit  this, 
artificial  means  were  resorted  to;  and  from  many  of  our  more  consid- 
erable manufacturing  towns  the  produce  was  carried  away,  towards  the 
sea  coast  or  elsewhere,  on  canals  of  excellent  design  and  capacity.  At 
the  same  time,  however,  in  some  of  our  colliery  districts  (probably 
firom  the  almost  insuperable  difficulty  of  cutting  canals),  the  coal  was 
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conveyed  from  the  mines  to  the  ship  on  railways — an  invention  which 
has  been  in  use  for  this  purpose  for  something  like  250  years.  For 
about  120  years  after  their  first  introduction  the  sole  material  used  in 
the  construction  of  these  primitive  railways  was  wood;  and  it  says 
something  for  the  enterprise  of  the  early  coal  owners  that,  at  a  period 
(about  1740)  when  the  make  of  pig  in  the  United  Kingdom  was  only 
17,340  tons,  one  of  their  body  suggested  and  tried  rails  of  cast  iron. 

Owing  to  various  reasons — the  high  price  of  the  metal  probably 
underlying  them  all — it  was  40  years  later,  or  about  1780,  when  cast 
iron  rails  came  into  frequent  use.  But,  long  after  this  date,  wood 
continued  to  be  often  employed;  and  I  remember,  so  late  as  about 
1840,  seeing  the  old  beech- wood  rails  in  use  on  a  colliery  railway  in  the 
County  of  Durham. 

The  economy  effected  in  the  manufacture  of  malleable  iron  by  the 
puddling  furnace  began,  in  due  course,  to  bear  fruit ;  and  exactly  20 
years  after  Cort's  patent — ^viz.,  in  1804 — we  come  upon  the  use  of 
wrought  iron  rails,  made  in  the  shape  of  square  bars,  and  only  two 
feet  long.  These  were  found  unsuitable;  and  it  was  not  untQ  1820, 
when  Birkenshaw  succeeded  in  rolling  bars  of  a  convenient  section, 
that  malleable  iron  commenced  to  be  the  material  empbyed,  at  first 
sparingly  and  afterwards  generally,  for  railway  purposes. 

This  humble  form  of  transport,  so  long  employed  in  the  North  of 
England,  was  destined  to  prove  the  nursery  not  only  for  railway  com- 
munication itself,  but  for  those  steam  engines  without  which  it  would 
have  been  useless  to  contemplate  the  building  of  tracks  of  iron  upon 
anything  approaching  their  present  scale. 

After  driving  the  stage-wagon  from  the  high-road,  iron  gradually 
took  the  place  of  wood  as  a  material  for  naval  constructions,  in  the 
propulsion  of  which  the  wind  plays  but  a  secondary  part:  the  furnace 
and  the  forge  again  providing,  in  the  steam  engine,  the  means  of 
locomotion. 

About  a  quarter  of  a  century  after  the  pretty  general  adoption  of 
Neilson's  great  discovery,  it  was  becoming  apparent  that  a  metal, 
hitherto  considered  as  typical  of  strength  and  endurance,  was  uneqaal 
to  the  heavy  demands  made  upon  it  by  the  ever-growing  magnitude  of 
our  railway  traffic.    From  this  apprehension  we  were  relieved  in  1855 
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by  a  farther  important  inrention^  viz.,  that  of  the  Bessemer  process, 
made  by  the  emineat  man  whose  name  it  bears. 

In  the  present  section  of  this  work,  it  will  not  be  inappropriate  to 
recall  the  various  steps  which  may  be  regarded  as  having  been  the 
forerunners  of  this  discovery — a  discovery  which  will  probably  for  some 
time,  if  not  permanently,  remain  as  a  culminating  point  in  the  progress 
of  the  manufacture  of  iron. 

The  blast  furnace  furnished  the  old  forge  master  with  crude  iron, 
so  that  in  his  low  and  expensively  conducted  hearth  he  had  now  to  deal 
with  a  raw  material  containing  nearly  95  per  cent,  of  metal,  instead  of 
an  ore  often  of  only  half  this  richness.  When  Gort  proposed  to  dis- 
pense with  the  costly  mode  of  treatment  just  mentioned,  considerable 
difficulty  was  at  first  encountered  from  the  corrosive  action  on  the 
furnace,  due  to  the  silicon,  which  is  always  found  in  greater  or  less 
quantity  in  all  pig  iron.  It  was,  in  consequence,  found  more  eccmo- 
mical  to  submit  the  crude  metal  to  the  partial  action  of  the  old  hearth, 
or  refinery  as  it  came  to  be  called,  so  as  to  expel  a  considerable  portion 
of  this  objectionable  constituent.  Since  the  earlier  days  of  Cort's  fur- 
nace, the  process  of  refining  has  been  generally  superseded  by  the  device 
of  saturating  the  silica,  produced  by  the  oxidation  of  the  silicon,  with 
oxide  of  iron.  This  takes  place  in  the  operation  of  puddling;  and  it  is 
only  exceptionally  that  a  refinery  is  now  found  among  the  appliances 
of  a  modem  forge. 

Those  who  have  watched  with  attention  the  action  of  refining,  will 
remember  that  towards  its  close  a  violent  ebullition  and  evolution  of 
flame  manifest  themselves,  indicative  of  a  great  elevation  of  temper- 
atare.  This  is  partly  due  to  combustion  of  some  of  the  carbon,  but 
mainly  to  the  oxidation  of  the  silicon  contained  in  the  pig.  If  the 
operation  be  continued  long  enough,  these  two  substances,  which 
confer  fusibility  on  the  iron,  are  gradually  reduced  in  quantity;  and 
the  temperature  evolved  by  their  action,  even  when  assisted  by  burning 
coke,  being  insufficient  to  maintain  the  altered  metal  in  a  fluid 
state,  it  assumes  a  semi-pasty  condition.  In  Sir  Henry  Bessemer's 
ingeniously  contrived  apparatus,  the  circumstances  connected  with  the 
evolution  of  heat  are  greatly  modified,  by  pouring  a  vast  volume  of 
air  very  quickly  through  the  molten  iron.    The  combustion  of  the 
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carbon  and  silicon  becomes  so  rapid,  that  the  temperatnre  of  the  mam 
rises  to  a  pitch  of  intensity  sufficient  to  maintain  even  malleable  iron 
in  a  perfectly  liquid  state. 

It  was  soon  found  that  the  plan  thus  proposed  by  Sir  Henry 
Bessemer  for  burning  off  these  foreign  substances,  the  presence  of 
which  constitutes  the  difference  between  pig  and  malleable  iron,  was 
beset  with  practical  difficulties;  which  at  one  time  even  threatened  to 
arrest  the  progress  of  a  discovery  that  has  ah*eady  wrought  such  changes 
in  the  manufacture  of  the  metal  we  are  considering.  For  reasons 
referred  to  in  the  previous  section,  it  was  speedily  demonstrated  that 
the  ordinary  run  of  British  iron  was  entirely  unsuited  for  treatment 
in  the  converter;  and  for  some  time  even  the  use  of  those  brands^ 
which  did  not  contain  above  one  thousandth  part  of  their  weight  of 
phosphorus,  appeared  to  be  hopeless.  Recourse  was  had  at  length,  on 
the  suggestion  of  Mr.  B.  F.  Mushet,  to  the  known  influence  of  man- 
ganese on  the  quality  of  steel;  and  this  removed  all  impediment 
to  the  manufacture  by  the  new  method,  firom  metal  containing  not 
more  than  the  above  mentioned  proportion  of  the  hurtful  ingredient 
in  question.  So  complete  has  been  the  success  which  has  attended 
this  modification  of  Sir  Henry  Bessemer's  great  discovery,  that  no  one, 
who  has  studied  the  subject,  will  be  surprised  if,  by  it  or  other  means 
having  the  same  object  in  view,  nearly  all  the  old  landmarks  and 
dogmas  relating  to  the  manufacture  of  iron,  although  founded  on  long 
experience,  are  ultimately  swept  away. 

The  violent  heat  exci^  in  the  Bessemer  converter  depends,  as  we 
have  seen,  on  the  oxidation  or  combustion  of  the  silicon  and  carbon 
contained  in  the  on;^nal  pig.  This  fact,  therefore,  necessarily  limits 
the  use  of  this  process  to  iron  containing  a  sufficient  quantity  of  these 
two  elements,  or  of  some  suitable  substitute,  the  burning  of  which 
serves  to  melt  the  steel.  If  a  system  of  producing  steel  is  to  be 
pursued,  in  which,  from  the  nature  of  the  materials  employed,  it  is 
impossible  to  generate  the  heat  in  the  manner  of  the  Bessemer 
converter,  then  the  use  of  ordinary  fuel  becomes  unavoidable.  In  the 
reverberatory  furnace,  as  it  is  commonly  constructed,  there  would  be 
very  great  difficulty  in  maintaining  a  steady  temperature  of  the  proper 
intensity.    Each  time  iresh  coal  is  thrown  on  to  the  fire,  the  vaporizing 
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of  the  hydro-carbons,  and  the  admission  of  a  large  volume  of  air^ 
greatly  tend  to  cool  the  contents  of  the  hearth.  Besides  this  incon- 
yenience^  there  is  an  immense  loss  due  to  the  arrival  of  the  products 
of  combustion  at  the  chimney  long  before  they  have  parfced  with  more 
than  a  fractional  portion  of  their  heat,  although  they  are  already  cooled 
to  a  temperature  below  that  to  which  it  would  be  advantageous  to 
expose  the  substance  under  treatment.  These  difScnlties  are  admirably 
met  in  the  '^ regenerative  furnace"  of  Messrs.  Siemens.  The  fuel  is 
employed  in  a  gaseous  condition,  and  the  heat  that  would  otherwise 
escape  is  imparted  to  the  incoming  air  and  gas;  by  which  means  the 
interior  of  the  structure  and  its  contents  are  raised  to  a  temperature 
capable  of  maintaining  any  quantity  of  steel,  or  even  of  wrought  iron, 
in  a  state  of  perfect  fusion. 

Exception  has  been  taken  to  the  extent  of  the  service  rendered  by 
these  gentlemen  to  metallurgic  science,  founded  on  the  fact  that  the 
idea  upon  which  their  furnace  is  constructed  had  been  described  by  a 
previous  inventor.    Whatever  may  have  been  the  merits  of  the  latter 
in  connection  with  the  subject,  certain  it  is  that  Messrs.  Siemens, 
with  or  without  the  knowledge  of  what  had  been  previously  done — 
it  matters  little — ^have  introduced  to  the  world  an  invention,  invalu- 
able as  a  means  of  commanding  a  most  intense  temperature  for  pur- 
poses never  contemplated,  so  far  as  I  know,  by  any  former  discoverer. 
In  respect  to  the  immense  loss  of  heat  which,  thirty  or  forty  years 
ago,  was  nniformly  permitted  to  take  place  from  all  puddling  or  mill 
reheating  fdmaces,  it  may  be  here  parenthetically  observed,  that  this 
serious  waste  is  now  avoided  to  a  considerable  extent  by  using  the 
escaping  flames  for  the  purpose  of  driving  the  st^am  engines  employed 
in  the  works. 

To  some  extent  the  principle  of  the  regenerative  furnace  has  been 
introduced  into  the  so-called  retort  furnace  of  Mr.  Price.  In  this  the 
heat  otherwise  lost  is  made  to  surround  an.  upright  retort,  where  the 
coal  parts  with  a  considerable  portion  of  its  gaseous  constituents  before 
it  reaches  the  fire-place.  The  volatile  portion  passes  through  the 
furnace  in  the  usual  way,  while  the  fixed  carbon,  more  or  less  in  a 
state  of  bright  incandescence,  descends  to  the  grate  bars,  the  cooling 
effect  already  spoken  of  in  connection  with  reverberatory  furnaces 
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being  thus  very  greatly  diminished.  The  air  required  for  oombastion 
•enters  the  fire-place  in  a  state  of  compression,  and  is  also  previonsly 
heated  by  the  waste  heat  of  the  fiimace  itself.  Speaking  from 
personal  observation,  it  may  be  added  that  the  fdmace  of  Mr.  Pric& 
has  shewn  itself  quite  capable  of  commanding  a  temperature  suffi- 
ciently intense  to  melt  steel  with  great  facility. 

Duriijg  the  thirty-five  years,  or  thereabouts,  which  followed  the 
application  of  heated  air  to  the  smelting  of  iron,  little  or  no  improve- 
ment was  effected  in  the  construction  of  the  necessary  applianoes. 
Ironmasters,  amazed  in  many  instances  at  the  unexpected  results  of 
Neilson's  invention,  were  probably  satisfied  that  its  then  unexplained 
economy  could  not  be  further  improved  upon.  It  had,  it  is  true,  been 
demonstrated  by  philosophical  research  that  the  calorific  power  of  the 
fuel  was  far  from  being  exhausted  by  the  work  it  had  performed  in  the 
blast  furnace.  As  far  as  concerns  Great  Britain,  however,  it  must  be 
admitted  that  in  those  days  the  voice  of  true  science  was  rarely  heard 
in  our  ironworks,  and  still  more  rarely  was  it  listened  to. 

Changes  in  the  dimensions  of  the  fomaces  in  usq  had,  no  doubty. 
been  attempted;  but  the  additional  capacity  was  either  insignificant^ 
or  the  mechanical  appliances  were  incommensurate  with  any  great 
alteration  in  the  general  arrangement  of  the  plant.  Hence  it  happened 
that  the  several  furnaces  put  down  soon  after  1851  in  the  new  district 
now  known  as  the  Cleveland  were,  after  due  enquiry,  erected  on  the 
old  lines — 1.«.  they  varied  from  45  to  50  feet  in  height,  with  boshea 
having  a  diameter  of  from  14  to  16  feet.  At  that  period,  it  may  be 
said  that  the  smelter  on  the  Tees  was  satisfied,  if  he  produced  a  ton  of 
grey  foundry  iron  with  85  cwts.  of  coke;  while  in  Scotland,  the  other 
chief  seat  of  the  pig-iron  trade,  something  like  60  cwts.  of  raw  coal 
was  the  usual  weight  of  fuel  employed  in  the  furnace.  In  both  cases 
no  fault  was  found  with  the  furnace  manager  if  the  blast  was  hot 
enough  to  melt  lead  readily — indicating  i^ temperature  of  about  650^ 
P.  (843°  C.) 

In  this  rapid  sketch  of  the  progress  of  the  iron  trade,  an  English- 
man may  be  permitted  to  observe  with  satisfaction  that — with  the 
exception,  perhaps,  of  the  gradual  growth  of  the  high  from  the  low 
furnace,  which  is  attributed,  on  no  very  sufficient  grounds,  to  Germany 
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— the  different  strides  towards  improvement  have  been  exclusively  of 
British  parentage.    The  next,  however,  and  a  very  important  one  it 
proved  to  be,  is  dae  to  a  Frenchman,  M.  Fabre  Dafaur.    He  was  the 
first   to   utilise  the  vast  volume  of  flame  which  flashed  from  the 
throats  of  our  older  blast  furnaces^  Hghting  up  the  sky  and  the  country 
for  miles  round  the  great  centres  of  their  operations.     This  French 
idea  was  first  put  into  general  practice  in  this  country,  for  ibfi  purpose 
of  liaising  steam  and  heating  the  blast,  among  the  iron  works  of 
Sooth  Wales,  where  the  apparatus  connected  with  its  use  were  simpli- 
fied and  improved  by  Mr.  Parry  at  Ebbw  Yale.    The  new  furnaces, 
near  Middlesbrough,  were  the  next  where  it  was  applied,  and  so 
Buooessfnlly  that  the  direct  saving  in  coals  achieved  by  its  means  has 
amounted  to  not  far  short  of  a  mfllion  and  a-half  tons  per  annum. 
This  is,  moreover,  not  the  whole  of  the  economy  it  has  effected.    The 
higher  and  more  regular  temperature  maintained  in  the  blast  is  the 
canse  of  a  notable  saving  of  coke  in  the  furnace;  and,  in  the  matter 
of  labour,  it  has  been  found  that  in  an  establishment  of  twelve 
furnaces  it  saves  the  work  of  thirty  men  or  more,  who  were  formerly 
engaged  in  coaling  the  fires  of  the  blowing  engine  and  hot  air  stoves. 
No  marked  economy  having  attended  a  moderate  increase  of  the 
dimensions  of  blast  furnaces,  the  new  works  at  Middlesbrough  were 
constructed  similar  to  those  which  had  obtained  favour  by  many  years' 
experience  elsewhere — ue.  they  did  not  exceed  a  capacity  of  6,000  to 
6,000  cubic  feet.    Messrs.  Whitwell  and  Company  departed  from  the 
practice  hithetto  observed  by  adopting  a  height  of  60  feet,  which, 
however,  was  not  more  than  what  had  been  already  tried  in  Wales. 
A  trifling*  reduction  in  the  fuel  consumed  appeared  to  attend  this 
change  in  form,  but  not  more  than  that  which  had  been  already  ob- 
tained in  the  48  feet  furnaces  at  Port  Clarence,  by  the  use  of  air 
heated  to  nearly  1,000®  F.  instead  of  TOO''  or  800°. 

The  late  Mr.  John  Yaughan,  in  the  year  1864,  erected  a  furnace  of 
75  feet,  which  was  done  chiefly,  if  not  entirely,  in  the  hope  of 
increasing  the  weekly  make;  for  this  gentleman  had  not  given  any 
attention  to  the  subject  of  the  actual  waste  of  heat  in  smelting  iron. 
The  experiment,  however,  was  not  only  eminently  successful  in  the 
direction  in  which  he  expected,  but  there  was  a  most  important  saving 
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in  the  consmnption  of  fiiel.  Speedily  other  fornaces  were  erected 
somewhat  higher — 80  feet  instead  of  75 — and  of  double  the  internal 
capacity  of  Mr.  Yaughan's^  with  such  beneficial  results  that  before 
long  all  the  small  furnaces  on  the  banks  of  the  Tees  were  demolished, 
in  order  to  make  way  for  the  colossal  structures  now  universally 
employed  in  that  district. 

Hitherto  the  limit  to  which  the  blast  had  been  heated  wajs  that 
imposed  by  the  power  of  the  iron  pipes  to  resist  the  action  of  the  fire. 
This  impediment  was  removed  by  Mr.  E.  A.  Cowper's  proposal  to  adopt 
the  regenerative  principle  of  Messrs.  Siemens,  in  which  brick-work 
was  raised  to  a  high  temperature^  and  the  heat  thus  stored  up  was 
then  conveyed  into  the  furnace  by  passing  the  air  over  the  hot  surfiEuse 
of  the  bricks. 

The  ironmasters  had  thus  placed  at  their  disposal  both  larger 
furnaces  and  hotter  blast — two  very  valuable  modifications  of  the 
appliances  they  had  been  in  the  habit  of  using.  Some  among  them 
were  sanguine  enough  to  believe  that  the  margin  of  economy  to  be 
effected  by  one  or  both  of  these  changes  was  very  much  larger  than 
subsequent  experience  warranted.  This,  however,  is  a  question  that 
may  be  conveniently  deferred  until  the  action  of  the  blast-furnace 
itself  comes  to  be  described. 

It  will  be  useful  at  this  place  to  glance  at  the  effect  produced  by 
the  various  improvements  in  iron  smelting  referred  to.  For  this  pur- 
pose I  have  extracted  irom  different  sources  an  approximate  statement 
of  the  weekly  make  of  a  blast  furnace  in  1835,  1845,  1855,  and  1865 ; 
together  with  the  quantity  of  coal,  reckoned  in  its  raw  state,  required 
to  make  a  ton  of  iron. 

Goal 
Weekly  per  ton 
make,  of  iron. 
Tons.    Owta. 
1835.— Height  40  to  50  ft.,  capacity  5,000  cub.  ft,  blast  cold     ...    70    120 

1845.—  Ditto,  ditto,  blast  at  650^  F.  120  85* 

1855.— Height  40  to  50  ft.,  capacity  5,000  cub.  ft,  blast  at  800°  ¥., 

and  using  the  escaping  gases  for  steam  and  hot  air       ...  220  62 

1865.— Height  80  ft,  capacity  20,000  cub.  ft.,  blast  at  1,000''  F.  450  to  550  40 

'  The  saving  consequent  upon  the  introduction  of  heated  air  was  very  irregular 
in  its  amount.  In  South  Wales  it  was  stated  to  be  something  under  one  ton  of  coal 
per  ton  of  iron,  whereas  no  less  than  five  tons  was  claimed  in  Scotland  as  having 
been  economised  by  its  use.  The  causes  of  this  extraordinary  discrepancy  wiU  be 
explained  when  the  theory  of  the  action  of  the  hot  blast  is  discussed. 
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In  all  these  examples  the  mineral  under  treatment  is  supposed  to  be 
ordinary  day  ironsfcone,  yielding  about  42  per  cent,  of  iron  in  its 
calcined  state.  When  mineral  of  a  richer  description,  and  more 
quickly  reduced,  is  employed,  such  as  the  magnetic  ore  of  the  United 
States,  afi  much  as  1,200  tons  has  been  run  in  one  week  from  furnaces 
containing  only  about  10,000  cubic  feet. 

The  last  line  of  figures,  in  the  table  just  given,  contains  a  remarkable 
contrast  with  the  particulars  given  by  some^  French  engineers  of  a 
works  they  visited  in  Wales  about  forty-five  years  ago.  Then,  in  order 
to  produce  weekly  almost  exactly  half  the  make  of  iron  from  one  of  the 
above  fhmaces,  no  less  than  five  furnaces  were  required.  These  were 
worked  by  309  men,  women,  and  children ;  257  of  the  number  being 
men. 

It  would  be  inconsistent  with  the  object  of  the  present  work  to 
attempt  to  do  more  than  name,  as  occasion  requires,  the  various  fumaoes 
or  mechanical  contrivances  employed  in  the  different  processes  referred 
to.  A  complete  description  of  the  whole  of  these  is  to  be  found  in  the 
admirable  English  work  by  Dr.  Percy,  as  well  as  in  those  of  many 
foreign  writers,  in  France,  Belgium,  Germany,  and  Sweden. 

In  1796,  or  a  few  years  earlier,  pig  iron  had  fallen  sufficiently  in 
price,  and  the  art  of  the  founder  had  made  sufficient  progress,  to 
permit  the  construction  of  a  bridge,  at  Sunderland,  with  large  seg- 
ments of  cast  iron.  It  was  at  the  time  considered  a  work  of  sufficient 
risk  to  render  appropriate  the  affixing  to  the  structure  the  motto— 
iVfZ  desperandum  auspice  Leo;  and  every  traveller  to  the  North  of 
England  considered  himself  bound  to  visit  what  then  was  regarded 
as  a  most  daring  example  of  metallic  engineering. 

For  a  long  time  antecedent  to  Gort's  use  of  grooved  rollers,  plates 
or  sheets  of  iron  had  been  spread  out  between  plain  cast  iron  cylinders. 
The  last  named  invention  is  ascribed  by  Coxe,  in  his  "  Tour  in  Mon- 
mouthshire,*' to  John  Hanbury,  whose  family,  in  the  early  part  of  the 
eighteenth  century,  were  lessees  of  coal  and  iron  under  the  Earl  of 
Abergavenny,  in  South  Wales.  The  power  of  Hanbury's  plate  mills 
and  those  in  use  for  above  a  hundred  years  after  his  time  was  such 

' "  Voyage  lif  etaUargiqae  en  Angleterre,"  by  MM.  Dof r^noy,  EUe  de  Beaumont, 
Cocte,  MidPerdonnet. 
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as  to  cause  a  piece  of  400  lbs.  to  be  held  as  one  of  unnsual  dimensioiiSy. 
and  to  be  paid  for  accordingly.  What  a  contrast  this  affords  to  the 
practice  of  the  present  time,  in  which  are  to  be  seen  furnaces  to  heat, 
mechanical  arrangements  to  moye,  and  rolls  to  receive,  masses  of  iron 
weighing  nearly  40  tons,  to  be  converted  into  armour  plates  for  ship& 
of  war ! 

In  the  early  days  of  public  railway  construction,  the  only  experience 
possessed  by  engineers  to  determine  the  strength  required  for  their 
materials,  was  that  obtained  with  the  slow  speed  and  light  weights 
of  the  colliery  lines,  or  wagon-ways,  as  they  were  styled,  in  the 
North  of  England.  A  rail  weighing  50  lbs.  per  lineal  yard  was 
considered  to  afford  ample  margin  for  a  considerable  increase  in  velocity 
and  tonnage;  and  these  our  rolling  mills  were  not  generally  required  to 
deliver  in  lengths  exceeding  15  feet,  or  weighing,  therefore,  more  than 
250  lbs.  when  finished.  Latterly,  machinery  has  been  constructed  to 
roll  90  feet  of  finished  rail,  in  one  piece  weighing  2,460  pounds;  and 
this  with  not  above  half  the  men  required  to  produce  the  old  rail 
of  250  lbs.  Such  a  mill,  driven  by  the  reversing  engines  designed  by 
Mr.  Ramsbottom  (formerly  of  Crewe),  has  been  known  to  turn  out 
above  8,600  tons  of  rails  in  a  single  week. 

The  machinery  employed  in  hammering  iron,  which  either  from 
its  shape  or  size  could  not  be  fashioned  in  the  rolling  mill,  was  formerly 
of  the  most  insignificant  dimensions ;  and  this  necessarily  limited  the 
weight  of  the  work  which  could  be  undertaken.  No  hammer  exceeded 
a  few  tons  in  weight,  and  of  this  only  a  very  small  portion  was  effective 
in  giving  the  blow,  the  height  of  wliich  never  exceeded  8  or  4  feet. 
The  peculiarity  of  construction  of  the  Nasmyth  hammer  commands  a 
blow  due  in  some  cases  to  the  fall  of  a  mass  of  80  tons  through  a 
perpendicular  height  of  16  feet.  Moreover  the  effective  power  of  the 
impact  is  not  limited  to  that  produced  by  the  mere  falling  weight,  as 
in  the  old  forges,  but  may  be  supplemented  by  steam  pressure  in  the 
cylinder  which  works  the  hammer. 

The  application  of  cast  steel,  particularly  in  France,  to  articles  of 
very  largt  dimensions  has  necessitated  the  employment  of  apparatus  of 
corresponding  capacity.  At  Creusot,  in  1878,  the  members  of  the  Iron 
and  Steel  Institute  were  permitted  to  witness  the  casting  of  armour 
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plates  of  25  or  80  tons,  which  were  afterwards  consolidated  under  the 
crashing  blows  of  the  80  ton  hammer.  At  St.  Chamond,  near  St. 
Etienne,  are  to  be  found  two  ladles,  each  capable  of  holding  more  than 
25  tons  of  fluid  steel;  and  there  the  needful  power  of  resistance  is 
sought  to  be  conferred  on  armour  plating  by  annealing  the  pieces  in  a 
cistem  containing  100  tons  of  oil. 

Perhaps  a  still  more  impressive  illustration  of  the  vast  power  of  the 
aj^liances  employed  in  the  manufecture  of  iron  is  furnished  in  forging 
the  coils  for  ordnance  purposes,  as  first  suggested  and  first  practised 
by  Sir  William  Armstrong.  It  is,  indeed,  a  marvellous  sight  to  behold 
a  mass  of  metal,  sometimes  weighing  as  much  as  50  tons,  drawn  from 
a  cavern  heated  to  dazzling  brilliancy,  and  then  to  watch  the  ponderous 
steam  hammer  effect  a  weld,  many  yards  in  length,  so  perfectly  as  to 
be  able  to  resist  the  tremendous  strain  which  modem  artillery  has  to 
endure. 

Thus  it  may  be  said  that,  about  the  commencement  of  the  present 
century,  20  or  30  tons  of  metal  per  week,  as  dribbled  from  our  blast 
fumaoes,  was  handed  over  to  the  Lancashire  fire  and  its  accompanying 
hammer  of  puny  dimensions.  By  their  imited  action  something  like 
a  ton  of  wrought  iron  bars  was  obtained  every  24  hours;  which  bars 
oould  only  be  sold  at  prices  that  forbade  their  use  except  in  very  limited 
quantities.  From  this  primitive  state  of  the  process  we  pass  to  the 
blast  furnace,  driven  with  heated  air,  and  furnishing  20  puddling 
fhmaoes  with  a  weekly  supply  of  something  like  250  tons  of  metal 
apiece.  In  these  20  fiimaces  the  laborious  exertions  of  80  men  were 
required  to  agitate  the  molten  iron,  so  as  to  expose  a  succession  of 
fiiesh  surfaces  to  that  chemical  action,  by  which  it  was  purged  from 
the  foreign  substances  acquired  during  the  smelting  of  the  ore.  The 
heat  of  the  puddling  fttrnace,  being  far  below  that  required  to  fuse  the 
iron,  wheii  separated  firom  its  associated  carbon  and  other  bodies,  all 
the  workman  could  do  was  to  soften  his  product,  and  then,  by  hard 
manual  labour,  cause  it  to  stick  piece  by  piece  together  in  the  furnace 
itself. 

In  the  puddling  furnace  something  like  an  hour  and  a  half  was 
needed  for  dealing  with  4  to  5  cwts.  of  pig;  and  two  good  men  did  well 
if  they  laid  22  cwts.  of  puddled  bars  on  the  bank,  for  a  day's  work.  In 
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place  of  this  laborious  operation,  7  or  8  tons  of  metal  are  now  brought 
direct  in  one  charge  from  the  blast  furnace,  to  the  converting  vessel; 
and  the'same  air  which  bums  off  the  impurities,  by  its  passage  through 
the  iron,  dispenses  with  the  use  of  any  other  motive  power,  than  that 
furnished  by  the  blowing  engine.  In  15  or  20  minutes  the  crude 
metal  is  m^eable  iron;  and  the  change  is  wrought  with  such  rapidity, 
that  the  heat  evolved  by  the  combustion  of  the  impurities  is  intense 
enough  to  maintain  the  contents  of  the  converter  in  a  perfectly  fluid 
condition. 

Chemically,  as  st-ated  above,  the  product  is  malleable  iron;  mechani- 
cally, it  possesses  certain  points  of  dissimilarity.  Upon  our  ability  to 
modify  these  latter  will  depend  the  realization  of  those  prophecies, 
which  predict  the  complete  supersession  of  iron  by  what  is  generally, 
but  often  somewhat  improperly,  denominated  steel. 

Leaving  the  past  and  looking  to  the  future  history  of  this  national 
industry,  the  question  uppermost  in  the  minds  of  our  iron  masters  is, 
undoubtedly,  the  application  of  ordinary  British  pig  iron  to  the  manu- 
£Eicture  of  ingot  metal  or  steel.  The  Transactions  of  the  Iron  and  Steel 
Institute  are  replete  with  proofs  of  the  attention  which  this  problem 
has  received  for  some  years  past  at  the  hands  of  its  members  and 
others. 

By  some  it  may  be  considered  premature  to  declare  that  the  elim- 
ination of  the  phosphorus,  which  constitutes  the  barrier  to  the  use  of  pig 
iron  obtained  from  our  clay  ironstones,  bids  fair  to  become  a  generally 
accepted  process  ih  our  steel  works.  The  laws,  however,  which  govern 
the  removal  of  this  hurtful  ingredient  are  sufSciently  well  understood, 
and  enough  has  actually  been  done  to  justify  the  assertion  that  it  is  a 
subject  which  has  progressed  far  beyond  the  region  of  experimental 
research.  In  illustration  of  the  complete  success  which  has  attended 
the  appUcation  of  the  Basic  process,  in  the  removal  of  phosphorus 
during  the  process  of  conversion  by  the  Bessemer  system,  the  average 
composition  of  47  rails,  made  of  the  best  hematite  iron  from  the  works 
of  three  makers,  is  contrasted  with  that  of  20  rails  made  at  the  Eston 
works,  from  pig  containing  probably  1*75  per  cent,  of  phosphorus. 
Both  lots  were  taken  indiscriminately  as  received  by  the  North  Eastern 
Railway,  and  analysed  in  the  laboratoiy  of  that  Company. 
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Otaban.     Sttioon.    Solphnr.    Pho«|>honiB.    Uanganete. 
peroeDt.  peroeat.    peroenfc.       peroeat.  percent. 


47  nils,  from  Hematite  pig...      *484         065        *091  *053  -915 

20        do.  Cleveland  pig...      '461        -004        *095  -058  1020 

With  such  results  before  us  as  those  recorded  in  the  above  figures,  it  is 
dear  that  the  only  question  which  requires  consideration  in  connection 
with  the  removal  of  phosphorus  from  iron  is  the  cost  at  which  it  can  be 
accomplished.  In  other  words^  can  the  cheap  pig  of  Cleveland,  when 
buithened  with  the  expense  attending  the  Basic  treatment,  compete 
with  the  dearer  metal  of  Lancashire  and  Cumberland,  which  latter  can 
be  converted  into  steel  by  a  somewhat  simpler  manipulation?  This 
is  the  question  to  which  those  interested  in  metallurgical  science  in 
Great  Britain  stiU  await  a  definite  answer. 

The  effect,  in  an  economic  point  of  view,  produced  by  the  various 
improyements  briefiy  reviewed  in  the  present  Section,  is  little  short  of 
marvellous.  During  the  40  years  already  alluded  to  as  ending  in 
1826,  pig  iron  was  rarely  quoted  below  £5,  while  the  average  over  the 
entire  period  may  be  taken  at  £7  per  ton.  Recently  we  have  seen  the 
same  article  sold  at  32s.,  and  steel  rails  of  the  highest  quality  have 
been  obtained  for  a  considerably  less  sum  than  the  lowest  average 
price  of  pig  iron  during  any  year  of  the  40  years  above  referred  to. 
This  great  change  in  the  cost  of  production  is,  to  some  extent,  to  be 
ascribed  to  the  discoveries  of  such  ores  as  the  Black  Band,  and  those 
found  in  Cleveland  and  analogous  districts.  The  chief  source  of 
economy  is,  however,  unquestionably  due  to  the  improvements  intro- 
duced into  the  manufacture  itself. 
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SECTION  III. 


ON  THE  DIEECT  PE0CESSE8  FOR  MAKING  MALLEABLE 

IRON. 

Malleable  iron  and  steel  are  obtained,  as  has  been  described,  by  the 
circuitous  method  of  first  making  pig  iron,  and  then  removing  the 
foreign  matter  which  the  metal  has  taken  up  in  the  furnace  from 
the  materials  used  in  smelting.  Any  process,  therefore,  having  for  its 
object  the  production  of  malleable  iron  from  the  ore  at  one  operation, 
is  distinguished  by  the  use  of  the  word  "  Direct." 

No  serious  attempt  has  been  made  to  revive  in  this  country  the 
obsolete  and  almost  forgotten  Catalan  fiimace — much  less  its  more 
humble  predecessor,  the  low  hearth  of  Asia  and  of  Africa.  It  is 
desirable  nevertheless  to  consider  briefly  the  conditions  of  this  primitive 
mode  of  procedure,  in  order  that  we  may  more  correctly  appreciate  the 
ground  upon  which  it  is  now  sought  to  resuscitate  a  process,  now  so 
long  abandoned  in  almost  every  iron  making  community  in  the  world. 

I  have  had  no  opportunity  of  inspecting  such  a  furnace  as  that 
previously  referred  to,  and  described  to  me  by  Colonel  Grant;  but, 
according  to  Dr.  Percy,^  in  the  operation  as  pursued  in  Asia,  the 
structure  costs  under  ten  shillings,  and  the  fumacemen  are  satisfied 
with  three  half-pence  per  diem.  Even  at  this  miserable  rate  of  wages, 
the  cost  of  labour  on  the  raw  mass  or  ball  is  probably  much  more  than 
that  at  which  the  same  ore  could  be  converted  into  a  steel  rail  ready 
for  use,  by  men  earning  on  an  average  4s.  or  5s.  per  day.  In  producing 
the  bloom,  six  times  its  weight  of  charcoal  is  used,  and  half  the  iron 
contained  in  the  ore  is  lost.  In  reheating  the  crude  lump  for  forging 
into  a  bar,  one  half  its  weight  is  wasted,  and  again  there  is  a  considerable 
expenditure  of  charcoal .    We  are  probably  within  the  mark  in  accepting 

^  Work  on  Iron  and  Steel. 
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a  fact,  that  ten  times  as  much  f ael  and  three  times  as  much  ore  are 
required,  for  every  unit  of  metal  produced,  as  is  consumed  in  the  blast 
fdniaoe  and  Bessemer  process  together. 

Some  Catalan  furnaces,  which  I  had  an  opportunity  of  examining 
in  North  Carolina,  were  near  3  feet  from  back  to  front  and  2  feet 
irom  side  to  side,  by  18  inches  or  2  feet  in  depth.  They  were  blown 
"bj  a  trambe — ^a  very  simple  form  of  apparatus,  in  which  the  current  of 
air  is  produced  by  water  falling  through  a  square  upright  box  of  wood, 
the  blast  being  conveyed  to  the  hearth  through  stems  of  trees  bored 
for  the  purpose.  Into  the  furnace  are  thrown  charcoal  and  ore,  the 
latter  in  small  fragments.  The  hot  embers,  and  the  masonry  heated 
by  the  previous  charge,  quickly  cause  combustion  to  pervade  the  mass, 
when  the  blast  is  turned  on. 

In  this  direct  mode  of  dealing  with  the  ore,  as  in  the  blast  furnace 
proper,  there  are  two  distinct  stages  through  which  the  mineral  has 
to  pass:  viz.,  first,  the  expulsion  of  the  oxygen  with  which  the  iron  is 
associated,  and  secondly,  the  raising  of  the  reduced  metal  to  a  welding 
heat  in  the  bloomary,  or  to  the  fusing  point  in  the  blast  furnace. 
Again,  so  far  as  economy  of  combustible  is  concerned,  it  is  essential 
that  the  intensely  heated  gases,  generated  at  the  tuyeres,  should  com- 
mnnicate  as  much  of  their  heat  as  possible  to  the  materials,  on  their 
way  downwards  in  the  furnace.  Failing  this,  the  loss  by  the  gases 
escaping  into  the  atmosphere  at  a  high  temperature  is  exceedingly  great. 

It  will  be  most  suitable  to  defer  considering,  with  the  proper  degree 
of  minuteness,  the  questions  raised  by  the  conditions  just  enumerated, 
until  we  are  describing  the  action  of  the  blast  furnace.  It  will  be 
convenient,  however,  to  mention  at  the  present  moment  that,  as  the 
oflSce  of  reduction  is  to  withdraw  oxygen  from  the  ore,  it  is  of  impor- 
tance that  the  gases  near  the  tuyeres  should  be  as  free  from  this  gas 
as  possible,  otherwise  there  would  be  a  risk  of  reoxidizing  the  metal. 
This  is  the  case  in  the  blast  furnace,  because  reduction  is  performed  in 
the  upper  part  of  the  furnace  during  the  gradual  and  slow  passage  of 
the  ore  downwards;  but  in  the  Catalan  or  any  similar  furnace,  much  of 
the  mineral  is  deoxidized  at  or  near  the  tuyeres.  Hence  arises  the 
necessity  of  burning  additional  quantities  of  carbon,  to  give  sufficient 
reducing  energy  to  the  gases  at  this  point.    Even  with  this  precaution, 
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complete  reduction  of  all  the  iron  is  impracticable^  which  is  the  cause 
of  so  great  a  proportion  of  the  metal  being  carried  off  as  slag  in  low 
structures  such  as  those  last  mentioned.  It  will  hereafter  be  seen  how 
admirably  a  well-appointed  blast  furnace  discharges  the  threefold  duty 
of  intercepting  heat,  expelling  the  oxygen  from  the  ore,  and  raising' 
the  product  to  the  required  temperature;  while  in  the  Catalan  furnace 
these  operations,  from  the  nature  of  the  apparatus,  are  all  of  them 
most  inefficiently  performed. 

So  much  for  the  imperfections  of  the  direct  process — a  word  now 
for  its  advantages.  In  most  iron  ores  phosphorus  is  found  existing, 
either  as  a  phosphate  of  iron  or  phosphate  of  lime.  In  the  blast  furnace 
the  deoxidizing  power  is  so  intense,  that  both  these  compounds  lose 
their  oxygen,  and  are  converted  into  phosphide  of  iron  or  phosphide 
of  calcium,  as  the  case  may  be.  If  the  latter,  phosphide  of  iron  is  still 
the  final  product,  since  the  calcium  is  displaced  by  the  molten  iron  in 
the  lower  zone  of  the  furnace.  The  phosphide  of  iron  so  generated  ia 
dissolved  by  the  metal,  and,  if  in  excessive  quantity,  gives  rise  to  great 
inconvenience  in  the  forge :  and  when  exceeding  1  part  in  1 ,000,  it 
Utterly  unfits  the  pig  for  steel-makiug. 

On  the  other  hand  we  have  the  ancient,  and  to  a  great  extent 
obsolete,  method  of  direct  procedure,  which  during  the  last  80  years 
has  engaged  more  attention  than  its  actual  merits,  as  an  economical 
process  of  making  iron,  perhaps  deserve.  To  its  apparent  simplicity 
has  to  be  added  the  desideratum  of  giving  a  product  comparatively 
free  fr'om  phosphorus;  for,  owing  to  the  partially  oxidizing  tendency 
of  the  operation,  the  phosphates  are  chiefly  left  in  the  slag.  Now 
that  steel  is  the  object  which  occupies  the  special  attention  of  those 
engaged  in  the  manufacture  of  iron,  this  direct  process  is  deserving  of 
some  farther  examination,  than  that  which  would  be  its  due  apart 
from  this  consideration. 

There  are  two  plans  for  accomplishing  the  reduction  of  the  ores  of 
iron,  without  the  operation  of  smelting  as  it  is  commonly  understood. 
In  the  first  the  miueral  is  heated  in  contact  with  charcoal  in  closed 
vessels;  in  the  other  a  mixture  of  ore  and  carbonaceous  matter  is 
heated  on  the  floor  of  a  furnace  of  the  reverberatory  principle,  either 
stationaiy  or  revolving. 
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The  actaal  quantity  of  carbon  required  for  the  reduction  of  the 
particular  compound  of  iron  and  oxygen  usually  found  in  our  ores  as 
they  reach  the  smelter — ^viz.:  the  peroxide — ^is  in  reality  inconsiderable. 
Heat,  applied  to  a  mixture  of  the  fuel  and  ore,  converts  the  carbon  into 
carbonic  oxide,  or  into  a  mixture  of  carbonic  oxide  and  carbonic  acid; 
the  oxygen  of  course  being  derived  from  the  ore.  Supposing  charcoal 
to  be  pore  carbon,  which  however  is  not  the  case,  and  such  carbon  to 
escape  entirely  as  carbonic  oxide,  then  6'428  cwts.  of  this  fuel  would 
soffice  to  reduce  20  cwts.  of  iron  to  its  metallip  state,  from  a  condition 
of  peroxide.  It  will,  however,  hereafter  be  shewn  that  carbon  can  carry 
away  from  iron  more  oxygen  than  that  required  to  form  carbonic 
oxide;  and  we  may  therefore  assume  that  6^  cwts.  of  common  charcoal, 
or  thereabouts,  would  suffice  for  the  mere  reduction  of  the  ore. 

The  moderate  temperature  required  for  the  operation,  and  the 
small  weight  of  carbon  necessary  for  the  chemical  part  of  the  process, 
doubtless  ofier  great  inducements  to  pursue  the  enquiry,  both  from  the 
point  of  view  of  cost  and  of  simplicity.  How  far  expectations  in  either 
direction  have  been  verified  by  actual  experience,  we  will  now  proceed 
to  consider. 

I  wiU  pass  over  the  attempts  of  Mr.  Clay,  who  laboured  long 
and  assiduously  in  the  cause,  and  who,  after  very  many  extensive  trials 
made  at  the  Walker  Works  in  the  year  1846,  failed  entirely  to  convince 
me,  or  himself,  that  it  was  not  cheaper  for  the  forge  owner  to  buy  pig 
iron  at  60s.  per  ton  than  to  treat  Lancashire  ore  in  a  reverberatory 
fomaoe  by  the  direct  process,  although  that  ore  cost  less  than  one- 
third  of  this  money. 

In  1855  M.  Chenot  received  the  highest  honour  the  Jurors  of  the 
Paris  Exhibition  of  that  year  could  bestow,  for  his  direct  process, 
.  declared  by  a  high  French  authority  to  be  the  ^'greatest  metallurgical 
discovery  of  the  age."  In  spite  of  this  recommendation  there  is,  I 
believe,  only  one  work  in  the  world  where  it  is  in  operation;  or  at 
least  was  so  in  the  year  1872,  when  I  visited  the  locality  in  Spain. 
Even  in  this  case,  its  continuance  seemed  dependent  upon  the  possession 
of  a  quantity  of  charcoal  screenings,  which  would  otherwise  have  been 
vasted.  By  the  courtesy  of  the  proprietors,  Messrs.  Y.  Barra  &  Go.,  I 
vas  permitted  to  examine  the  process,  as  it  was  being  carried  on  at 
that  time.  c 
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The  orcy  in  small  pieces  previously  calcined^  is  placed  aloDg  with 
charcoal  in  an  upright  retort  of  brick,  about  83  feet  high^  its  hori- 
zontal dimensions  being  about  4  ft.  9  in.  by  1  ft.  4  in.  Heat  from  a 
coal  fire  is  applied  externally^  causing  a  wasteful  expenditure  of  fud. 
In  three  or  four  days  reduction  of  the  ore  is  complete,  and  the  charge 
is  then  withdrawn  and  cooled  in  a  vessel  closed  so  as  to  exclude  the 
air,  which  would  otherwise  reoxidize  the  porous  metal,  or  '^sponge"  as 
it  is  termed.  This  immunity  from  reoxidation  cannot,  of  course,  be 
secured  when  the  product  has  to  be  reheated  as  a  preliminary  to  being 
drawn  into  bars.  The  waste  of  metal,  by  the  fire  acting  on  so  large  a 
surface  of  iron,  is  very  great:  80  to  40  per  cent,  being  the  usual  loss 
from  this  cause. 

Fifty  years  ago,  when  five  tons  and  more  of  coal  were  frequently 
used  to  make  a  ton  of  pig  iron,  the  Chenot  system,  when  dealing  with 
rich  and  cheap  ores,  might  have  had  some  pretensions  to  hold  a  place, 
in  competition  with  the  blast  fiimace  and  the  puddling  process. 
Against  the  present  more  perfect  mode  of  smelting  iron,  where  the  ton 
of  pig  metal  is  obtained  with  40  cwts.  of  coal,  the  struggle,  in  my 
opinion,  would  be  hopeless;  and  still  less  has  this  direct  plan  a  chance 
of  holding  its  own  against  the  Bessemer  mode  of  treatment,  in  which 
the  waste  gases  from  the  blast  furnace,  with  proper  machinery,  suflSoe 
to  expel,  in  the  converter,  the  impurities  absorbed  during  the  smelting 
of  the  ore. 

In  support  of  this  opinion,  I  have  taken  the  cost  of  making  rolled 
Bessemer  steel  as  unity,  and  against  this  have  estimated  approximately, 
from  data  in  my  possession,  the  cost  of  bar  iron  produced  by  the 


Chenot  process : —                     co«t  of 

Cost  of 

BesBemer  Boiled  SteeL 

Chenot  Boiled  Bais. 

Fael  (charcoal)       ...                100 

(part  charcoal)  2d0 

Loss  of  MetaUic  Iron               100 

860 

Notwithstanding  the  overwhelming  disadvantages  with  which  the 
direct  process  is  thus  burthened,  even  after  some  years  of  experience, 
the  idea  of  avoiding  the  circuitous  treatment  by  the  blast  furnace,  and 
the  subsequent  operations,  has  not  been  suffered  to  be  forgotten. 

Mr.  T.  8.  Blair,  of  the  Glenwood  works,  near  Pittsburg,  U.S.  A., 
considered  that  the  large  waste  of  combustible,  in  heating  the  exterior 
of  Chenot's  retorts,  was  due  to  the  difficulty  the  heat  had  in  penetrating 
their  contents.    Accordingly,  he  sought  to  remedy  the  evil  by  applying 
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fire  to  an  annular  space,  which  contained  the  mixture  of  ore  and  char- 
coal. By  means  of  a  central  tube  in  the  retort,  the  materials,  having 
now  a  thickness  of  only  4^  inches,  were  heated  much  more  readily 
than  when  they  occupied  a  space  of  15^  inches.  In  some  cases  the 
apparatus  had  a  diameter  of  4  feet,  and  a  height  of  about  45  feet. 
Heat  was  applied  only  to  the  upper  8  or  10  feet;  the  remainder  of  the 
retort  being  used  for  allowing  the  product  to  cool  before  coming  in 
contact  with  the  air. 

The  weight  of  fael  consumed,  per  ton  of  sponge  made,  was  stated 
to  be  about  8  cwts.  of  charcoal  and  27  cwts.  of  coal — ^in  all,  35  cwts. 
This  is  not  so  much  as  is  consumed  for  making  Bessemer  pig  metal; 
but,  as  nearly  one-fourth  of  the  quantity  is  charcoal,  the  cost  will, 
generally  speaking,  be  something  in  excess  of  that  in  the  blast  furnace, 
where  only  mineral  coal  is  employed. 

As  much  as  two  tons  of  sponge  were  obtained  per  day  in  such  an 
apparatus,  and  at  a  very  low  cost  for  labour,  according  to  the  figures  I 
received;  but  nevertheless,  I  am  mistaken  if  it  was  not  higher  than 
that  paid  in  England  at  the  smelting  furnace  and  Bessemer  converter 
put  together. 

The  inducement  to  revive  this  modification  of  the  Chenot  process 
was  to  use  the  product  for  making  steel  in  the  method  known  as  the 
Siemens-Martin,  which,  as  is  well  understood,  consists  in  melting 
malleable  and  pig  iron  together.  The  sponge  was  thrown  into  the 
melted  pig  metal,  when,  according  to  Mr.  Blair,  the  supernatant  slag 
protected  the  porous  iron  from  the  oxidizing  action  of  the  fire.  It 
was  my  misfortune  not  to  agree  with  Mr.  Blair,  either  as  to  the  extent 
to  which  this  protection  was  accomplished,  or  in  his  estimate  of  the 
advantages  possessed  by  his  direct  process  as  a  partial  substitute  for  the 
blast  furnace. 

My  reasons  have  been  given  above  for  regarding  the  sponge,  in  the 
matter  of  fuel  and  labour,  as  decidedly  more  expensive  than  an  equal 
weight  of  pig  iron.  Now,  in  the  so-called  "  Ore  process"  for  obtaining 
steel — to  be  hereafter  spoken  of— to  100  parts  of  melted  pig  iron,  as 
much  ore  as  contains  10  to  15  parts  of  iron  is  added;  and  the  result  is 
that  the  carbon  and  silicon  in  the  pig  reduce  (by  a  much  cheaper 
**  direct  process"  than  any  hitherto  practised)  as  much  iron,  as  gives 
the  maker  about  the  same  quantity  of  steel  that  he  uses  of  pig  metal. 
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The  actual  loss  of  metallic  iron  in  the  operation  just  described  is 
very  small — ^not  exceeding  6  per  cent,  of  the  entire  quantity  delivered 
to  the  melter  in  the  form  of  ore;  and  on  this  no  expense  for  smelting 
charges,  &c.,  has  been  incurred. 

The  ore  in  use  for  the  Blair  process,  on  the  occasion  of  my  visit  at 
Glenwood,  was  &om  the  Iron  Mountain  of  Missouri,  and  was  said  to 
contain  66  per  cent,  of  iron.  If  this  was  correct,  the  sponge  should  have 
yielded  90  per  cent,  of  iron — supposing  all  the  metal  it  contained  to  be 
reduced,  as  was  supposed  to  be  the  case.  But  the  average  composi- 
tion, as  given  to  me,  consisted  of  the  following  ingredients,  in  the 
proportions  annexed: — 

Pig  Iron 360  parts,  Metallic  Iron,  taken  at  94  per  cent...  338  parts* 

Scrap  Steel 60    do.  Do.  do.      90      do.     ...       64  do. 

Spiegel 110    do.  Do.             do.      80      do.     ...       88  do. 

Sponge 470    do.  Do.             do.      90      do.     ...  423  do. 

Total  of  charge  1,000  part^  Total  of  Metallic  Iron 903  parts. 

Steel  received...    768    do.  Do.  do.         at  99  per  cent    760  do. 

*  Shewing  a  loss  of  15*83  per  cent,  of  Iron,  or    143  parts. 

When  considerations  of  a  commercial  nature  are  applied  to  these 
figures,  the  result  holds  out  little  hope  of  the  process  occupying  any 
important  position  as  a  means  of  making  either  iron  or  steel.  It  has 
already  been  shewn  that  the  labour  is  higher,  and  the  fuel  quite  as 
high,  in  producing  a  ton  of  sponge  as  in  smelting  a  ton  of  pig  iron. 
As  there  is  practically  no  loss  of  metal  in  the  blast  furnace,  it  may 
safely  be  admitted  that  the  cost  of  sponge  will  be  at  least  as  great  as 
that  of  pig  metal.  We  have  thus,  in  the  ore  process,  say  1,000  tons  of 
pig  iron  added  to  250  tons  of  ore,  and  producing  1,000  tons  of  steel; 
and  in  the  Blair  process,  1,000  tons  of  material  costing  fully  more 
per  ton  than  the  pig,  but  only  giving  760  tons  of  steel.  Pew  manu- 
facturers would,  under  such  circumstances,  hesitate  in  assigning  a 
difference  of  15/-  per  ton  of  steel  in  favour  of  the  use  of  pig  and  or& 

^  It  is  only  right  to  mention  that  Mr.  Morrison  Foster,  the  partner  of 
Mr.  Blair,  does  not  agree  with  me  in  the  opinion  I  formed  of  the  direct  process,  as 
carried  on  at  Glenwood.  In  a  letter  addressed  to  the  American  manufactnrer, 
owing  to  some  differences  in  the  figures  we  made  nse  of,  he  makes  the  loss  in  actual 
metal  14*62  per  cent.  His  numbers  are  no  doubt  entitled  to  be  preferred  to  mine, 
but  the  discrepancy  is  not  such  as  to  alter  the  views  expressed,  which  I  regret  are 
not  those  of  Mr.  Foster. 
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over  that  of  pig  and  iron  sponge.  Nor  is  this  ail ;  for  it  mnst  not 
be  forgotten  that  the  metal  made  by  the  direct  process  constitutes  only 
47  per  cent,  of  the  whole  charge,  and  that  to  this  the  whole  of  the 
«xtra  cost  is  to  be  debited;  so  that,  in  reality,  the  steel  obtained  from 
the  sponge  has  been  produced  at  a  cost  of  above  30s.  per  ton  oyer  that 
which  the  other  ingredients  are  capable  of  affording,  by  the  alternative 
mode  of  treatment. 

A  farther  loss  falls  on  the  steel  made  from  the  iron  sponge,  due  to 
the  smaller  output  of  the  open  hearth  in  which  it  is  melted,  viz.  760 
tons,  as  against  probably  1,000  tons  in  the  ore  process.    It  is,  there- 
fore, not  improbable  that  the  difference  of  30s.  given  above,  may  be 
increased  to  33s.;  and  this  would,  it  is  submitted,  amply  justify  the 
opinion  already  expressed  respecting  the  future  of  Mr.  Blair's  process. 
More  recently  Mr.  Dupuy  has  communicated  to  the  Franklin 
Institute  of  Philadelphia  a  mode  of  protecting  the  sponge,  when  made, 
by  enclosing  the  ore  and  carbonaceous  matter  in  cases  of  sheet  iron. 
When  reduction  is  completed  the  whole  is  brought  to  a  weldmg  heat^ 
and  in  that  state  is  drawn  out  into  a  bar.     According  to  his  own 
estimate  the  cases  will  cost  23s.  5d.  per  ton  of  iron  obtained;  which 
cannot  fail  to  prove  a  serious  obstacle  to  the  introduction  of  the  system 
recommended  by  this  gentleman. 

In  all  the  trials  hitherto  spoken  of  in  connection  with  the  direct 
process,  the  purer  ores  of  the  hematite  class  alone  constituted  the 
subjects  of  experiment.  These  were  purposely  selected  in  order  not 
to  encumber  the  apparatus  unnecessarily  with  inert  matter,  and  thereby 
add  proportionately  to  the  expense  of  obtaining  the  actual  product. 
But  such  ores  were  also  at  the  same  time  free  from  phosphorus;  whereas 
the  elimination  of  this  substance,  had  phosphoric  ores  being  used,  would 
have  been  at  all  events  a  partial  set  off  against  the  costliness  of  the  pro- 
<jefi8  itself.  Dr.  Siemens,  Past  President  of  the  Iron  and  Steel  Institute, 
impressed  with  the  advant^e  of  using  the  regenerative  principle  in 
combination  with  a  rotating  furnace,  has  not  confined  himself  to  the 
tise  of  the  purer  oxides  of  iron,  but  has  operated  for  a  considerable  time 
on  the  earthy  ores  of  the  oolitic  measures  in  the  Midland  counties, 
containing  a  large  quantity  of  phosphorus.  A  mixture  of  the  crushed 
mineral  and  coal  is  introduced  into  the  ftunace,  which  is  gradually 
heated  up  to  a  full  red  heat,  until  the  ore  is  supposed  to  enter  into  a 
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state  of  fusion.     67  this  mode  of  treatment  it  was  believed  that' 
reduction  wonld  be  eflfected  by  the  carbon  suspended  in  the  liquid 
mass,  which  would  neutralize  in  a  great  measure,  if  not  entirely,  the 
oxidizing  character  of  the  carbonic  acid  and  vapour  of  water,  produced 
by  the  complete  combustion  of  the  coal. 

A  very  instructive  and  highly  interesting  series  of  papers  is  to  be 
found  in  the  Transactions  of  the  Iron  and  Steel  Institute  and  of  the 
Chemical  Society,  giving  in  ample  detail  the  results  obtained  by  Dr. 
Siemens  in  the  course  of  his  experiments.     These  results  are  such  a& 
to  have  inspired  their  author  with  great  confidence  in  the  future 
reserved  for  the  process,  on  which  he  has  bestowed  so  much  thought 
and  perseverance.    In  the  course  of  the  papers  referred  to,  stress  is 
laid  on  the  fact  that,  whereas  in  the  blast  furnace  the  carbon  chiefly 
escapes  as  carbonic  oxide,  in  his  regenerative  apparatus  the  whole  of  it 
is  practically  converted  into  carbonic  acid.    Undoubtedly  the  heat 
obtained  from  the  combustion  of  every  unit  of  fuel  is,  on  this  account, 
much  greater  in  the  latter  than  in  the  former  case.    Owing  to  a  variety 
of  causes,  however,  even  in  this  improved  form  of  furnace  not  mach 
more,  if  any  more,  than  25  per  cent,  of  the  heat  evolved  in  the  fire 
place  is  made  available.    On  the  other  hand,  it  will  be  hereafter  seen 
that  in  the  blast  furnace,  with  a  less  perfect  character  of  combustion, 
the  fiiel  actually  performs  a  much  larger  comparative  duty  than  that 
just  mentioned. 

I  am  quite  prepared,  from  personal  observation,  to  admit  that  a 
very  considerable  portion  of  the  ore  is  ultimately  fused  by  Dr.  Siemens; 
and  that  possibly  reduction  under  the  favourable  conditions  claimed 
may,  to  some  extent,  take  place.  I  am  nevertheless  assured,  from  my 
own  experiments,  that  it  will  be  extremely  difficult  to  heat  up  a  mix- 
ture of  carbon  and  oxide  of  iron  towards  fusion,  without  the  operation 
being  accompanied  by  the  reduction,  previous  to  fusion,  of  a  very  large 
quantity  of  the  metal  contained  in  the  ore.  The  moment  this  reduced 
iron  meets  the  highly  oxidizing  atmosphere  of  the  furnace — which 
must,  in  a  rotating  furnace,  happen  more  or  less — waste  will  begin. 

Undoubtedly  the  useful  product  of  this  direct  process  contains  only 
a  fractional  part  of  the  phosphorus  found  in  the  ore;  whereas  the  blast 
furnace,  as  has  been  mentioned,  gives  us  metal  containing  practically 
the  whole  of  this  deleterious  ingredient,  as  originally  associated  with  the 
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minerals  employed.  Its  absence,  however,  from  the  iron  obtained  in 
the  rotating  farnace  is  entirely  due  to  the  oxidizing  natore  of  the  vast 
nnantity  of  iron  which  either  escapes  reduction,  or,  being  reduced,  passes 
again  as  oxide  into  the  cinder.  Were  it  possible,  therefore,  to  carry 
on  the  operation  without  this  loss,  it  is  highly  probable  that  the  malle- 
able iron  obtained  would  be  found  contaminated  with  phosphorus. 

The  i^w  just  expressed,  as  to  the  nature  of  the  action,  appears  to 
coincide  wjfch  the  personal  observations  of  my  friend,  P.  Bitter  von 
Tunner,^  who  calculated,  from  the  particulars  given  him  of  100  heats 
with  a  mixture  of  calcined  Northampton  ore  and  calcined  Black  band 
operated  on,  that  27*6  per  cent,  of  the  metallic  iron  was  lost  in  the  slag.^ 
The  product  obtained  possessed  an  advantage  over  that  of  the 
Chenot  process,  inasmuch  as  it  was  in  the  form  of  a  solid  hammered 
bloom,  containing  99"71  per  cent,  of  iron,  and  free  from  the  great 
liability  to  waste  in  the  subsequent  stages  of  the  manufacture.  It  only 
contained  '074  per  cent,  of  phosphorus,  although  made  from  materials 
which  would  probably  give  a  pig  iron  havijig  1  or  1-25  per  cent,  of 
this  metalloid,  out  of  which  '2  or  '3  per  cent,  would  remain  in  the  bar 
iron  when  puddled  in  the  ordinary  way.  We  have  here  a  material 
which  can  be  used  either  for  steel  making  or  for  the  production  of  bar 
iron ;  but  it  is  chiefly  in  connection  with  the  former  that  Dr.  Siemens 
attaches  a  value  to  the  process. 

Let  us  examine  the  subject  under  both  these  heads,  regarding  Dr. 
Siemens'  product  as  a  substitute,  wholly  or  partially,  for  iron  in  the 
form  of  pig  which,  with  the  addition  of  ore,  is  capable  of  affording  steel. 
The  economy  of  the  blast  furnace,  in  the  matter  of  fuel,  has  been  already 
aQuded  to  incidentally,  where  one  ton  of  iron  was  stated  to  require 
only  two  tons  of  coal.  A  word  now  as  to  the  labour.  The  very  nature 
of  the  smelting  process  secures  the  exercise  of  an  economy,  in  this 
respect,  for  which  it  would  be  difficult  to  find  a  parallel  in  the  entire 
range  of  manufacturing  operations.  As  an  illustration,  let  us  take  a 
pair  of  furnaces  making  1,000  tons  of  iron  per  week,  which  is  by  no 
means  an  uncommon  rate  of  production.     The  three  classes  of  raw 

i«Da8  fiiBenhttttenwesen  der  VeTeinigten  Staaten." 

*  Although  Professor  Tnnner,  in  his  Preface,  mentions  that  the  centner  (cwt.) 
made  use  of  is  one  of  112  lbs.,  his  calculation  of  the  loss  is  on  one  of  100  lbs.  The 
waste  of  iron,  therefore,  in  reality  amounts  to  35*3  per  cent,  instead  of  27*6. 
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material  consumed  in  the  Cleveland  works  for  this  quantity  will  weigh 
together  about  4,750  tons,  the  whole  of  which  can  be  so  dealt  with  as 
to  be  brought  in  train  loads  to  two  or  three  points  in  dose  proximity 
to  the  furnaces.  From  the  depdts  they  slide  by  gravitation  into  the 
wagons  or  barrows,  from  which  they  are  shot  into  the  tunnel  heads. 
In  like  manner  the  pig  iron  and  the  refuse  are  so  concentrated,  in 
point  of  space,  that  effective  mechanical  means  can  be  largely  employed 
as  a  substitute  for  manual  labour.  All  this  is  entirely  changed,  if 
anything  approaching  the  weight  referred  to  above  is  to  be  treated  in 
a  range  of  furnaces,  each  of  which  occupies  four  and  a  half  hours  in 
the  reduction  of  20  cwts.  of  ore,  according  to  the  weights  given  by 
Professor  Tunner.  A  large  area  of  ground  would  necessarily  be 
occupied ;  and  the  materials  having  to  be  distributed  in  smaU  quan- 
tities at  various  points  over  its  entire  surface,  such  labour-saving 
contrivances  as  are  usefully  employed  at  the  blast  furnace  become 
impracticable. 

In  my  opinion,  the  advocates  of  these  direct  processes  underrate 
the  importance  of  the  duty  performed  by  the  blast  furnace,  in  ooimec- 
tion  with  such  ores  as  those  operated  on  by  Dr.  Siemens  at  Towcester, 
while  they  magnify  its  cost.  In  the  case  of  an  ore  containing  40  to 
42  per  cent,  of  iron,  there  will  be  found  almost  exactly  the  same  weight 
of  earthy  matter  as  there  is  of  metal.  These  earths  have  a  very  power- 
ful affinity  for  oxide  of  iron,  and  therefore  seriously  interfere  with  the 
process  of  reduction  at  high  temperatures. '  Besides  this  serious  incon- 
venience, we  are  thus,  in  the  direct  process,  crowding  up  the  space  of  an 
expensively  worked  piece  of  apparatus  with  inert  matter,  equal  in  weight 
and  more  than  equal  in  bulk  to  the  iron  itself.  Under  such  circum- 
stances as  those  just  related,  it  is  needless  to  say  how  important  it  is  to 
rid  the  process  of  this  foreign  matter  as  speedily  as  possible. 

It  wiQ  be  more  convenient  to  wait  till  we  are  dealing  with  the  action 
of  the  blast  furnace  itself,  before  we  show  how  very  small  a  quantity 
of  fuel  is  there  required  to  effect  the  fusion  of  these  earths.  Suflfice  it 
now  to  say  that  the  entire  cost — ^for  fiiel,  wages  and  flux — of  freeing  the 
metal  from  its  earthy  admixture  can  be  shewn  not  to  exceed  5s.,  on  the 
ton  of  metal  obtained  from  an  ore  containing  40  to  42  per  cent,  of  iron. 

Professor  Tunner  gives  no  less  than  36s.  8d.  (20  gulden)  per  ton 
as  the  cost  for  labom*  at  the  Towcester  works,  carried  on  by  Dr.  Sie- 
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mens.  This  seems  exoessiye,  and  may  be  partly  due  to  the  fact  that 
the  process  at  that  establishment  had  scarcely  passed — ^if^  indeed,  it 
had  passed — the  mere  experimental  stage.  This  item  cannot  however 
iaQ  to  be  higb,  for  in  its  natnre  the  process  closely  resembles  mechan- 
ical paddling,  in  which  the  wages  per  ton  of  product  are  at  least  four 
times  as  great  as  those  incurred  at  the  blast  furnace*  This  difference 
will  unquestionably  be  further  increased  by  the  circumstance  that, 
while  pig  iron  loses  but  little  in  the  process  of  puddling,  the  ore  in  the 
rotary  fiimaces,  with  this  direct  process,  only  yielded  about  33  per  cent, 
of  its  weight  in  blooms. 

In  the  matter  of  fuel,  according  to  the  authority  ahready  quoted,  no 
less  than  4  tons  were  being  consumed  per  ton  of  hammered  iron  ob- 
tained; but  for  the  purpose  of  comparing  its  cost  with  that  of  pig  iron 
we  will  accept  the  weight  named  by  Mr.  Rose,  the  Manager  of  the 
works,  to  Professor  Tunner,  viz.,  3  tons.  From  the  data  just  described, 
we  may,  for  our  present  object,  accept  the  following  as  factors: — 

Pig  Iron.  Hwumered  Bloaaw. 

Per  Cent  Per  Cent 

Wagte  of  Metallic  Iron  in  the  Ore    ...    Pnctically  niL  85 

Labour  taken  as      100         at  least      600 

Fnel do.  100  150 

The  question  the  steel  maker  has  to  consider  is  the  extent,  if  any,  of 
the  superiority  of  malleable  iron  so  obtained  over  pig  iron,  for  the 
future  stages  of  his  operation.  Speaking  from  such  information  as  I 
possess,  it  would  not  appear  that  a  furnace  melting  a  mixture  of  pig 
«nd  wrought  iron  gives  a  much  greater  weight  of  produce  than  one 
working  pig  and  ore.  If  this  be  so,  the  actual  expense  of  melting 
either  mixture  will  be  about  the  same;  and  we  are  left  simply  to  com- 
pare the  cost  of  the  one  set  of  ingredients  with  that  of  the  other. 

Let  it  be  assumed,  where  the  charge  consists  of  blooms  and  pig  iron, 
that  it  is  made  up  of  80  per  cent,  of  the  former  and  20  of  the  latter, 
while  in  the  Siemens  Landore  mode  of  treatment  80  per  cent,  of  pig 
iron  has  added  to  it  20  to  25  per  cent,  of  ore. 

Under  such  circumstances,  and  having  regard  to  the  great  waste  of 
iron  and  extra  cost  incurred  for  labour  and  fuel,  in  producing  the 
blooms  by  the  direct  process,  I  cannot  see  how  the  materials  employed 
for  each  ton  of  steel  can  cost  less  by  this  process,  than  by  that  where 
hematite  pig  iron  (at  60s.)  and  ore  are  used,  as  at  Landore. 
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No  donbt  the  presence  of  foreign  subtances,  snch  as  carbon  and 
silicon^  in  the  pig  iron^  means  an  expenditure  of  fael  in  the  blast  for- 
nace;  bat  this  is  not  all  loss,  for  these  substances  serve  to  reduce  so- 
much  iron  from  the  ore  added,  that  the  actual  waste  of  metal  is  not 
one-third  of  that  incurred  in  the  direct  process,  if  both  are  calculated 
upon  the  ore  delivered  at  the  very  commencement  in  each  case.  Of 
course  it  maj  be  alleged  that  in  the  direct  process  we  have  begun  with 
materials  containing  an  amount  of  phosphorus  inadmissible  for  steel 
making,  and  that  we  have  succeeded  in  separating  this  substance  bj 
avoiding  the  use  of  the  blast  furnace. 

Eecent  experiments  however  have  demonstrated  the  possibility  of 
washing  out  almost  all  the  phosphorus  contained  in  cast  metal,  by 
means  of  oxide  of  iron,  so  expeditiously  and  easily,  that  the  cost  of 
doing  it  would,  probably,  be  attended  with  much  less  expense  than 
that  coxmected  with  the  direct  mode  of  reducing  the  ore. 

Practically,  the  inference  to  be  drawn  from  what  has  been  advanced 
in  the  present  Section  is,  that  the  removal  of  the  carbon  and  silicon, 
absorbed  during  the  ordinary  smelting  of  the  ore,  is  done  at  so  small  a 
cost,  as  to  render  it  more  economical  to  employ  pig  iron,  than  to  use  the 
direct  process  in  order  to  obtain  a  pjroduct  free  from  both  of  these 
elements.  Now  that  the  Basic  treatment  has  been  found  so  efScacious 
in  separating  the  phosphorus,  it  would  seem  as  if  the  only  apparent 
argument  in  favour  of  dispensing  with  the  use  of  the  blast  furnace 
no  longer  exists. 

If  the  final  object  in  view  be  not  steel  but  malleable  iron,  a  process 
which  gives  us  the  article  we  seek  in  one  operation,  instead  of  two,  has 
a  most  attractive  sound;  but  it  is  by  no  means  certain  that  the  advan- 
tages are  not  rather  apparent  than  real.  Adopting  the  same  classification 
as  before,  I  am  sure  that  the  actual  waste  of  metaJ  accompanying  the 
use  of  the  blast  and  puddling  furnaces  will  not,  including  the  "fettling" 
employed  by  the  puddler,  amount  to  that  spoken  of  in  coxmection  with 
the  direct  process.  On  the  other  hand,  it  seems  pretty  clear  that  the^ 
payments  for  labour  and  fuel  will  amount  to  less  for  the  double  mode 
of  treatment  than  they  do  for  the  single  one. 

It  is  true  that  in  the  one  case  we  have  as  our  first  result  pig  iron 
containing  nearly  all  the  phosphorus  found  in  the  minerals  employed, 
while  in  the  other  we  have  malleable  iron  containing  less  than  '1  per 
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oent  of  phoBphoms.  This  same  pig,  however,  oontainmg  as  much  as 
1*5  to  1*75  of  the  objectionable  metalloid,  can  have  it  separated  in  the 
rotatory  puddling  fiimaoe  so  completely,  as  to  show  an  equality  in  this 
respect  with  the  analyses  mentioned  by  Professor  Tunner. 

Having  mentioned  so  high  an  authority  as  the  learned  Professor,  I 
am  bound  to  add  that  he  views  the  future  of  these  direct  processes 
more  hopefully  than  I  have  been  able  to  do. 

In  the  work  already  quoted,  Professor  Tunner  alludes  to  the  fact  of 
the  actual  production  of  iron  by  these  processes,  40,000  tons  being  now 
the  yearly  make  in  the  low  hearths  situate  near  Lake  Ghamplain,  and 
in  other  places.  I  scarcely  gather  from  the  context  that  even  here  this 
ancient  plan  is  regarded  by  him  as  being  able  to  compete  commercially 
with  our  present  modes  of  making  malleable  iron.  Without,  however, 
being  capable  of  this,  it  is  easy  to  understand  that  an  old  industry  may 
continue  to  exist,  and  even  to  prosper,  in  times  of  high  prices  and 
high  import  duties,  notwithstanding  that  more  economical  methods 
may  be  carried  on  in  its  immediate  vicinity.  This  is  particularly  true 
of  a  manufacture  requiring  such  simple  appliances  as  are  used  on  Lake 
Champlain,  and  where  the  product  is  applied  to  purposes  for  which 
more  phosphoric  iron  is  unfit. 

When  we  come  to  the  matters  of  cost  and  waste  of  iron,  I  do  not 
apprehend  that  the  figures  given  by  my  friend  differ  in  any  degree  from 
my  own.  The  ore  employed  on  Lake  Champlain  is  valued  at  15b.  per 
ton.  It  contains  70  per  cent,  of  metallic  iron ;  but  only  57  per  cent, 
of  rough  slabs  is  obtained  at  the  end  of  the  process,  showing  a  loss  of 
nearly  20  per  cent.,  or  above  double  that  involved  in  puddling  pig  metal. 

The  particulars  of  cost  of  these  rough  slabs  are  given  as  follows: — 


£     a. 

d. 

85  cwtfl.  of  ore  at  158. 

1    6 

8 

18  bushels,  eay  46'5  cwts.,  charcoal 

4    6 

9 

Xiabour          ...         ...         ...        ... 

1  10 

0 

General  charges       

0  12 

6 

Total      

...      £7  16 

6 

It  may  be  thought,  looking  at  the  wasteM  mode  of  its  application, 
that  the  quantity  of  fael  consumed  is  unexpectedly  small,  as  compared 
with  the  combined  processes  of  smelting  and  puddling.    This  arises 
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from  the  fact  that  there  is  little  or  no  earthy  matter  to  fdse,  in  treating 
so  rich  an  ore ;  and  also  that  the  temperature  required  in  the  low 
hearth  is  not  so  intense  as  that  excited  in  the  blast  furnace.  As  a 
matter  of  final  cost,  however,  there  are  few  ironmalring  localities  where 
ore  valued  at  15s.  per  ton,  and  contaioing  70  per  cent,  of  iron,  conld 
not  be  converted  into  pig  iron,  and  have  its  phosphorus  reduced  to 
'075  per  cent.,  in  a  rotating  furnace,  for  very  much  less  money  than  the 
sum  just  named.  The  expectation  of  substituting  mild  steel,  or  ingot 
iron,  for  malleable  iron  made  in  the  ordinary  way,  has  diverted  atten- 
tion from  further  improvement  in  the  puddling  furnace.  Nevertheleas 
in  that  modification  of  the  revolving  furnace  with  which  Mr.  Samnd 
Danks'  name  is  associated,  a  considerable  step  in  advance  has  recently 
been  made.  At  Greusdt  two  such  furnaces  are  at  work,  in  which  the 
shell  is  kept  cool  by  a  current  of  water ;  from  each  of  these  8  to  10  tons 
of  puddled  blooms  are  produced  every  12  hours,  being  double  the  make 
usually  obtained  from  the  furnaces  designed  by  Mr.  Danks.  The 
natural  effect  of  this  increased  output  is  a  considerable  diminution  in 
the  working  expenses,  thus  rendering  it  still  more  difficult  for  the 
direct  process  to  compete  with  the  modem  art  of  iron-msJdng. 

Tunner  states  that  the  Jersey  or  Champlain  system,  as  this  is  often 
called,  was  the  first  method  practised  in  America  for  obtaining  the 
metal ;  it  may,  therefore,  be  concluded  that  long  experience  does  not 
permit  much  hope  of  its  cost  being  materially  lessened.  Such  is  not 
the  case  with  regard  to  the  other  two  direct  processes  more  particularly 
referred  to  in  these  pages ;  and  in  predicting  their  future,  we  are  left  to 
apply  our  general  knowledge  of  the  natural  properties  of  the  materials 
dealt  with,  coupled  with  such  experience  as  we  possess  in  comparing 
the  expense  of  a  new  system  with  those  already  in  use. 

In  my  short  account  of  the  Blair  process,  given  on  a  former  occa- 
sion,^ it  was  stated  that  the  porous  sponge,  when  thrown  into  the  steel 
furnace,  would  float  on  the  melted  pig  iron,  and  there,  to  some  extent, 
would  be  re-oxidized.  Mr.  Blair  at  the  time  dissented  from  that  view, 
and  asserted  that  the  sponge,  light  as  it  is,  nevertheless  sinks ;  and 
Professor  Tunner  himself  gives  it  as  his  opinion  that  it  is  incorrect  to 
suppose  that  the  sponge  must  be  oxidized  before  it  is  dissolved  by  the 


*  "  Transactions  of  Iron  and  Steel  Institatej  1875. 
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bath  of  metal.  From  this  it  is  inferred^  that  sooner  or  later,  we  may 
expect  to  see  Mr.  Blair's  plan  in  successful  practice — an  opinion  which, 
even  when  backed  by  the  great  experience  and  authority  of  the  learned 
Professor,  I  do  not  see  my  way  to  agree  with.  In  support  of  the  in- 
correctaiess  of  my  own  views*  Professor  Tunner  mentions  the  fact  that 
the  ore,  when  thrown  into  pig  iron  on  the  Landore  system,  sinks 
through  the  2  or  3  inches  of  slag;  and  that  the  sponge  at  Mr.  Blair's 
works,  instead  of  being  porous,  was  compressed  ''until  it  resembled  pure 
iron" — it  is  persumed  in  density.  Of  course  it  cannot  be  meant  that, 
because  lumps  of  ore  fall  through  melted  slag,  sponge,  even  when  com- 
pressed, will  sink  through  liquid  iron;  nor  is  this  very  important,  because 
the  process  of  compression,  being  costly,  is  only  applied  to  those 
portions  of  the  sponge  which,  from  their  fine  state  of  division,  would 
be  difficult  to  deal  with  in  the  open  hearth  furnace.  As  a  fact,  only 
about  40  per  cent,  of  the  sponge  is  so  manipulated,  the  remainder  being 
used  as  it  comes  &om  the  retorts. 

I  possess  no  means  of  resuming  my  former  discussion  with  Mr. 
Blair  on  this  head  by  reference  to  direct  experiment;  and  it  is,  perhaps, 
only  due  to  Professor  Tunner  to  observe  that  operations  at  Glenwood 
were  suspended  upon  the  occasion  of  his  visit.  It  may  be  that  I  am 
mistaken  in  my  views  as  to  the  actual  way  in  which  oxidation  occurs; 
but  that  loss  from  this  cause  really  does  take  place  seems  proved  by  the 
figures  obtained  from  Mr.  Blair  himself.  The  knowledge  of  how  this 
loss  is  occasioned  is  only  important,  so  far  as  it  might  lead  to  the 
adoption  of  some  means  for  its  suppression. 

Notwithstanding  the  reasons  here  given  against  the  probability  of 
a  general  adoption  of  the  Direct  process,  it  is  still  largely  practised,  as 
has  been  stated,  in  the  United  States.  Its  continuance,  however,  in 
my  opinion,  is  not  justified  by  any  superiority  in  respect  to  economy, 
as  compared  with  those  processes  which  are  dependent  upon  the  blast 
furnace  as  a  starting  point.  The  Catalan  works,  generally  speaking, 
are  located  where  it  would  be  inexpedient  to  incur  the  large  outlay  in- 
volved in  the  erection  of  modem  ironworks.  High  prices,  fostered  by 
protective  duties,  may  suffice,  in  ordinary  cases,  to  affi)rd  fair  returns  to 
those  who  still  pursue  this  primitive  mode  of  working;  and,  in  the  event 
of  the  market  value  of  the  produce  falling  below  prime  cost,  the  ex- 
tinguishing of  a  few  Catalan  fires  or  bloomaries  is  not  a  serious  matter. 
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SECTION   IV. 


ON  THE  PEELIMINAEY  TREATMENT  OP  THE  MATERIALS 
INTENDED  FOR  USE  IN  THE  BLAST  FURNACE. 

If  the  conclusions  arrived  at  at  the  dose  of  the  last  Section  can  be 
maintained,  we  must  continue,  for  the  present  at  all  events,  to  look  to 
the  blast  fdmace  as  the  starting  point  of  those  operations  which  have 
to  furnish  the  world  with  iron  and  steel.  This  must  at  least  be  the 
order  of  things,  until  some  considerable  improvement  takes  place  in 
that  more  direct  process  which  has  been  suggested  as  an  alternative 
one. 

It  would  conflict  with  the  intense  temperature  required  in  the 
hearth  of  a  blast  funiace,  if  the  materials,  when  they  reached  that  point, 
retained  any  portion  of  those  volatile  constituents  found  with  them  in 
their  natural  state.  Hence  everything  capable  of  being  expelled  by 
heat  should  be  evaporated  in  the  upper  part  of  the  structure.  This 
however  implies  a  redundancy  of  heat  in  that  region,  and  a  sufSdency 
of  time  to  accomplish  this  change  in  composition.  In  the  larger 
furnaces,  as  recently  introduced,  this  redundancy  of  heat  does  not 
exist;  and  in  the  older  furnaces  the  necessary  time,  owing  to  their 
limited  capacity,  was  not  at  the  disposal  of  the  smelter.  Under  such 
circumstances  some  preliminary  treatment,  as  indicated  by  the  heading 
of  this  Section,  becomes  necessary. 

PRELIMINARY  TREATMENT  OF  THE  FUEL. 

There  is  but  one  variety  of  fud  which  in  its  natural  state  approaches 
the  conditions  requured  for  smelting  iron,  viz.  anthracite  coal.  This 
mineral  in  many  cases,  and  particularly  in  the  United  States,  contains 
a  mere  trace  of  volatile  matter;  and  in  consequence  it  reaches  the 
hottest  part  of  the  ftimace  without  any  apparent  change  in  its  physical 
properties. 

There  are  nevertheless  many  kinds  of  coal  which,  although  very 
rich  in  volatile  ingredients,  are  capable  of  being  used  in  their  raw  state 
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in  smelting  iron.  In  sach  cases,  however,  a  certain  additional  amount 
of  fuel  is  required,  in  order  to  provide  the  necessary  heat  for  expelling 
the  tar  and  hydro-carbons.  On  the  other  hand  there  are  other  varieties 
of  coal,  often  less  rich  in  volatile  matter  than  those  referred  to,  which  are 
totally  ofleless  in  the  blast  furnace.  These  are  known  as  coking  coals, 
«nd,  when  exposed  to  heat,  enter  into  a  state  of  semi-fusion,  which  is 
regarded  as  interfering  with  the  entry  and  upward  passage  of  the  blast, 
as  well  as  with  the  uninterrupted  descent  of  the  contents  of  the  furnace. 
Such  coal  is  usually  coked,  before  being  delivered  to  the  iron  smelter 
—an  operation  which,  as  it  is  usually  conducted  in  this  country,  is 
attended  with  a  considerable  waste  of  the  fixed  carbon,  and  necessarily 
also  with  considerable  expense  for  labour,  and  for  the  necessary 
buildings  and  plant.  These  two  sources  of  cost  are  saved  when  the 
coal  is  used  raw;  but  it  must  be  borne  in  mind,  that  the  value  of  the 
fuel  in  the  blast  furnace  is  represented  solely  by  the  quantity  of  coke 
it  is  capable  of  affording.  This  is  the  only  portion  which  affords  any 
useful  heat  in  the  operation  of  iron  smelting:  for  the  inflammable  gas 
demands,  as  has  been  already  stated,  the  combustion  of  a  certain  quan- 
tity of  the  fixed  carbon  to  secure  its  expulsion. 

For  the  present  we  will  confine  our  attention  exclusively  to  the 
process  of  coking,  without  reference  to  the  subsequent  use  of  the  coke 
itself;  and  here  it  may  be  remarked  that  this  country  has  little  reason 
to  be  satisfied  with  the  rude  and  unscientific  manner  in  which  this 
operation  in  most  cases  is  still  conducted.  In  fact,  until  very  recently, 
no  kind  of  progress  had  been  made  in  the  process  for  the  last  50  years* 
In  proof  of  this  I  propose  to  describe  the  practice  of  the  County  of 
Durham,  in  which  something  like  6  millions  of  tons  of  coal  are 
annually  converted  into  coke,  and  where,  if  in  any  locality,  some 
advance  towards  perfection  might  be  expected. 

Before  proceeding  with  this  demonstration,  it  may  be  well  briefly 
to  give  the  figures  upon  which  the  calculations  as  to  heat,  frequently 
hereafter  to  be  referred  to,  are  based.  These  figures  are  all  made 
dependent  upon  the  number  of  thermometric  degrees  by  which  a  given 
quantity  of  the  combustible  can  raise  the  temperature  of  a  certain 
weight  of  water;  or,  which  amounts  to  the  same  thing,  on  the  quantity 
of  water  which  can  be  raised  one  degree  in  temperature  by  a  given 
amount  of  the  combustible.    The  use  of  the  decimal  system  is  so  much 
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more  convenieiit  than  any  other,  that  scientific  writers  in  this  countiy 
now  generally  adopt  the  centigrade  thermometer,  and  the  decimal 
weights  nsed  in  France.  On  this  system  of  notation  a  kilogramme  of 
water  raised  one  centigrade  degree  is  considered  as  equivalent  to  one 
calorie  or  heat  unit;  the  kilogramme  of  matter  burnt  being  alaa 
regarded  as  a  unit  of  fuel.  The  heating  power  of  different  substances 
varies  greatly;  thus  a  kilogramme  of  sulphur  gives  out,  during  com- 
bustion in  atmospheric  air,  only  2,320  calories  or  units,  while  the  same 
weight  of  hydrogen  gas  affords  84,000  units.  Again,  the  combustion 
of  the  same  body  is  accompanied  by  the  evolution  of  very  different 
quantities  of  heat,  according  to  the  amount  of  oxygen  with  which  it 
may  be  made  to  combine  in  different  cases.  As  an  example,  one  nnit 
of  carbon  can  take  up  either  one  or  two  equivalents  of  oxygen ;  but  it 
gives  out  2,400  heat  units  when  burnt  with  one  equivalent,  forming 
carbonic  oxide,  and  as  much  as  8,000  units  when  burnt  with  two 
equivalents,  forming  carbonic  acid.  It  is  also  essential,  for  the  proper 
understanding  of  such  calculations  as  those  in  question,  to  bear  in  mind 
that  when  a  compound  body  is  split  up  into  its  component  parts,  exactly 
the  same  quantity  of  heat  is  absorbed  by  the  act  of  decomposition  as 
was  evolved  by  that  of  combination.  Thus,  if  a  unit  of  hydrogen  in 
the  form  of  water  has  to  be  separated  from  its  combined  oxygen,  the 
dissociation  is  accompanied  by  an  absorption  of  the  34,000  units 
mentioned  above ;  or  again,  if  carbonic  acid  containing  a  unit  of 
carbon  is  reduced  to  the  condition  of  carbonic  oxide,  the  absorption  of 
heat,  or  cooling  effect,  is  equal  to  (8,000  —  2,400)  or  6,600  calories. 

Occasions  will  arise  during  the  course  of  these  investigations,  which 
wiU  require  us  to  understand  the  quantity  of  heat,  i,e.  the  number  of 
heat  units,  in  a  given  quantity  of  heated  matter.  As  the  amount  of 
heat  required  to  raise  the  temperature  of  equal  weights  of  different 
substances  is  by  no  means  the  same,  it  becomes  necessary  to  make  an 
allowance  for  this  variation  in  what  may  be  caUed  their  capacity 
for  heat.  This  is  done  by  taking  water  as  a  standard,  and 
assuming  as  the  unit  of  measurement  what  is  designated  the  ^^ec^ 
heat  of  water,  in  other  words  the  quantity  of  heat  required  to  heat 
a  unit  of  water  by  1  deg.  C.  say  from  0  deg.  C.  If  then  W  repre- 
seuts  weight,  t  temperature  (centigrade),  and  S  H  specific  heat, 
taking  that  of  water  as  unity,  we  have  the  equation  Wx  /x  S  H  =  a;. 
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to  give  the  nnmber  of  calories  or  heat  units  contained  in  a  given 
weight  of  any  known  body  at  a  known  temperature.  Let  us  apply 
this  formula  first  to  10  kilogrammes  of  water,  and  then  to  the  same 
weight  of  a  substance  haying  one-fourth  the  specific  heat  of  water, 
each  body  heated  to  100  deg.  0. 

For  water  we  have  10  x  100  deg.  )c  1    —  1,000  heat  units. 
For  the  other  body  10  x  100  deg.  x  *25  -*     260        „ 

t 

It  is  ahnost  superfiuous  to  add  that  the  quantity  of  heat  evolved  by 
combustion  has  no  necessary  relation  to  its  mtermty — the  latter  being 
dependent  on  the  rapidity,  .of  the  combination,  and  upon  other  circum- 
stances on  which  it  would  be  foreign  to  the  objects  of  this  work  to 
dwell. 

A  wide  range  of  information,  of  the  character  just  alluded  to,  has 
been  placed  at  the  service  of  industry  by  scientific  investigation.  This 
of  itself  leayee.  the  Durham  coke  manufacturer  almost,  if  not  entirely, 
without  excuse  for  the  rude  manner  in  which  he  has  conducted,  and  in 
many  instances  continues  to  conduct,  his  business.  It  has  been  urged 
that  to  obtain  a  product  of  the  quality  sought  for  by  the  ironsmelter 
some  sacrifice  was  unavoidable.  The  answer  to  this  is  that  for  the 
last  twenty-five  years  or  more  the  operation  has  been  carri.ed  on  in 
Belgium  and  France,  so  as  to  avoid  much  of  the  needless  waste 
incurred  in  the  North  of  England,  and  without  the  change,  it  is  alleged, 
being  accompanied  by  any  of  those  disadvantages,  the  apprehension  of 
which  would  seem  to  have  impeded  progress  in  this  country. 

We  will  proceed  in  the  first  place  to  ascertain  the  extent  and 
nature  of  the  waste,  thus  condemned  as  unnecessary,  accompanying 
the  method  pursued  in  this,  the  chief  coking  district  of  Great  Britain. 

The  coal  of  the  County  of  Durham  may  be  regarded  as  containing 
80  per  cent,  of  volatfle  substances;  or,  in  other  words,  as  being  capable 
of  furnishing  about  70  per  cent,  of  its  weight  of  coke.  As  a  matter 
of  fact  scarcely  60  per  cent  is  the  average  yield,  implying  that  one- 
seventh,  or  nearly  15  per  cent.,  of  the  desired  product  is  lost.  In 
addition  to  this  source  of  waste,  imperceptible  perhaps  to  the  casual 
observer,  there  is  another  which  forces  itself  upon  the  attention  of 
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the  most  indifPerent  spectator.  I  allude^  of  course,  to  the  vast  loss  of 
heat  which  accompanies  the  immense  volmnes  of  smoke  and  flame 
which  issue  £rom  a  Durham  coke-work,  blackening  and  desolating  the 
country  around  it. 

The  following  figures  exhibit  an  approximate  statement  of  the 
actual  quantity  of  heat  which  is  evolved^  but  from  which  no  use  is 
derived,  in  the  coking  of  100  kilogrammes  of  coal  in  the  old  so-called 
bee-hive  oven : — 

CUoiieiL 
Heat  evolved  by  the  combastion  of  the  SO  kilogr.  of  hydro- 
carbons, affording  7,400  calories  per  kilogr.  ...         «    222,000 
Heat  evolved  by  the  combustion  of  10  Idlogr.  of  solid  carbon, 

giving  8,000  calories  per  kilogramme         «      80,000 

802,000 
From  which  has  to  be  deducted  the  heat  required  for  expelling 
the  SO  kilgr.,  reckoned  as  representing  2,000  calories  per 
unit  of  volatile  matter  60,000 


Qiving  as  net  loss  242,000 


The  heat  emitted  by  the  combustion  of  different  specimens  of  raw 
coal  varies  in  amount,  but  for  our  present  purpose  we  will  take  it  at 
8,500  calories  per  unit,  or  850,000  for  the  100  Idlogr.  Prom  this 
statement  we  are  justified  in  the  assertion  that  something  like  28  per 
cent,  of  the  entire  heating  power  of  the  fuel  is  lost  in  coking — ^a  loss 
which,  on  the  six  million  tons  annually  coked  in  the  County  of  Dur- 
ham, is  equivalent  to  about  If  million  tons  of  coal. 

It  is  not  to  be  expected  that  anything  like  the  whole  of  this 
immense  loss  can  be  usefully  intercepted;  for  in  almost  every  operation 
where  heat  is  required  great  waste  is  incurred  by  radiation,  by  loss  at 
the  chimneys,  and  from  analogous  causes.  The  vast  area  covered  by 
coke  ovens,  and  the  extent  of  their  heat-emitting  sur&ce,  adds  greatly 
to  the  unavoidable  loss  which  accompanies  their  use. 

Oreatly  as  the  temperature  of  the  products  of  combustion  from 
coking  must  fall,  before  they  reach  points  where  they  can  be  useftdly 
applied,  it  remains  sufficiently  intense  to  bum  bricks;  this  having  been 
effected,  at  a  considerable  distance  from  the  ovens,  with  complete 
success.    The  purpose,  however,  to  which  this  waste  heat  most  readily 
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lends  itself  is  the  raising  of  steam  for  the  engines  required  at  the 
mine.  At  one  establishment,  where  nearly  the  whole  output  is  coked, 
it  is  calculated  that  8  per  cent,  thereof  would  formerly  have  been 
'burnt  to  ventilate  the  mine  and  draw  the  coal  and  water — duties  now 
entirely  performed  by  the  ovens  themselves. 

The  manner  in  which  the  waste  gases  are  applied  for  obtaining 
steam  is  simple.  A  boiler  is  placed  on  a  main  flue,  into  which  as 
many  ovens  as  experience  has  shown  to  be  required  for  its  use, 
discharge  their  surplus  heat.  At  the'  colliery  in  question  twenty-five 
ovens,  having  each  a  diameter  of  11  feet  and  producing  7  tons  of  coke 
per  week,  are  attached  to  a  boiler  60  feet  long  and  5  feet  in  diameter. 
The  quantity  of  water  evaporated  averages  about  24  cwts.  per  hour 
per  boiler,  a  margin  of  power  being  required,  owing  to  the  somewhat 
intermittent  nature  of  the  intensity  of  the  heat  given  off  during  the 
distillation  of  the  coal. 

A  collateral  advantage  attending  the  system  is  the  entire  absence 
of  smoke;  but  to  secure  this  the  flues  must  have  ample  capacity.  The 
sulphur  thrown  into  the  atmosphere  from  the  coke  ovens  in  the 
County  of  Durham,  in  the  form  of  sulphurous  add,  has  been  estimated 
at  45,000  tons  per  annum,  which  accounts  for  the  immense  destruc- 
tion of  vegetation  which  takes  place,  when  the  gas  leaves  the  oven 
within  ten  feet  of  the  surface  of  the  land.  By  the  use  of  chimneys  of 
sufficient  height,  this  poisonous  gas  can  be,  and  now  often  is,  so 
diluted  before  it  reaches  the  earth  that  its  effects,  as  it  is  believed, 
cease  to  be  visible. 

A  few  words  now  as  regards  the  serious  loss  involved  in  the 
destruction  of  the  10  kilogr.  of  coke,  for  each  100  kilogr.  of  coal 
employed.  It  is  only  proper  to  observe  that  the  process  of  coking  has 
been,  and  is  still,  somewhat  extensively  conducted  in  Durham  by 
meaos  of  fined  ovens,"  in  which  the  burning  gases,  after  they  leave  the 
■dome,  are  made  to  heat  the  charge  of  coal  externally.  This  greatly 
accelerates  the  process,  and  by  so  much  shortens  the  time  during 
which  the  coke  is  wasting.  But  uniform  testimony,  in  which  I  am 
disposed  to  concur,  goes  to  prove  that  the  coke  thus  obtained  is  not 
as  good  for  blast  furnace  work  as  that  burnt  in  the  ordinary  way.  It 
is  less  dense  and  less  silvery  in  appearance,  and  in  consequence,  for 
leaBons  best  explained  when  dealing  with  the  smelting  process  itself,  is 
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incapable  of  perfonning  its  fall  measure  of  duty  in  the  fiunaoe.  Thus 
the  increased  yield  in  the  oven  is  considered  as  being  neutralised,  bj 
the  coke  having  less  value  when  it  preaches  the  ironworks,  than  has  ihe 
produce  of  the  ovens  constructed  without  such  flues,  and  with  no 
external  heating  of  the  contents. 

Some  of  our  most  experienced  authorities,  who  have  given  the 
subject  much  attention,  were  led  to  infer  that  for  obtaining  hard  burnt 
coke  the  heat  afforded  by  the  combustion  of  the  gases  did  not 
gufSce,  and  that  the  high  temperature  required  must  be  continued, 
after  the  process  of  distillation  was  completed.  This,  according  to  their 
opinion,  can  only  be  secured  by  the  burning  of  a  portion  of  the  coke 
itself. 

A  careftil  examination  of  the  ovens  abroad,  and  analyses  of  the 
gases  taken  at  various  stages  of  the  process  in  the  collieries  of  my  own 
firm,  led  me  to  adopt  an  opposite  conclusion;  and  by  a  mere  change 
in  the  way  in  which  the  air  is  admitted,  this  serious  source  of  waste  ia 
in  some  measure  removed. 

By  the  two  alterations  just  described,  viz.  that  of  utilizing  the 
heat  for  steam  purposes  and  a  reduction  in  the  waste  of  coke,  it  has 
been  estimated  that,  of  the  242,000  calories  calculated  as  disappearing, 
something  like  100,000  may  be  saved;  viz.  66,000  by  avoiding  a  part 
of  the  waste  in  the  coke  itself,  and  44,000  calories  in  the  generation 
of  steam. 

Among  the  more  elaborate  systems  of  coke  making,  that  known  as 
the  Enab  process,  from  the  name  of  the  inventor,  is  deserving  of 
notice.  In  every  case  where  air  is  allowed  access  to  the  gases  imme- 
diately on  leaving  the  coal,  they  are  speedily  converted  into  watery 
vapour  and  carbonic  acid — ^the  hydrogen  of  the  hydro-carbons  giving 
rise  to  the  formation  of  water,  and  the  carbon  to  that  of  carbonic  acid. 
If,  instead  of  this  mode  of  procedure,  the  distillation  is  conducted  in 
dosed  vessels,  and  the  volatile  matter  is  passed  through  proper  con- 
densers, the  same  products  are  obtained  which  accompany  the  manu- 
facture of  illuminating  gas,  viz.,  ammoniacal  compounds  and  coal-tar, 
the  latter  yielding  creosote,  asphalte  and  aniline  dyes.  The  inflam- 
mable gas,  after  being  freed  from  these  less  volatile  substances,  is 
brought  back  to  the  oven,  where  by  its  combustion  in  external  flues 
the  coal  is  converted  into  coke. 
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In  two  localities,  viz.  at  South  Branoepeth  Colliery  belonging  to 
mj  firm,  and  at  Wigan,  this  system  has  had  an  extensive  trial  in  this 
eonntry;  and  the  result  was  final  abandonment  in  both  cases,  mainly 
owing  to  the  difficulty  of  upholding  the  buildings.  In  France  also, 
the  land  of  its  first  introduction,  there  are  not  above  two  or  three 
estaUishments  where  it  is  in  operation.  Nevertheless,  it  is  difficult 
not  to  believe  that  the  idea  is  a  very  valuable  one;  for  M.  Carv^, 
who  has  had  several  years  experience  in  working  it,  has  recently,  at 
his  own  expense,  erected  an  establishment  at  a  cost  of  about  £20,000^ 
at  some  iron  fiimaces  near  St.  Etienne.  At  the  end  of  a  certain  term 
of  years  he  will  hand  the  ovens,  etc.,  over  to  the  fiimace  owners  free 
of  charge,  his  remuneration  consisting  exclusively  of  a  share  of  the 
profits  reaped  in  the  meantime  &om  the  sale  of  the  tar  and  ammoniacal 
salts.  ^ 

In  Sonth  Wales  and  Staffordshire,  coal  is  often  coked  in  the  open 
air,  by  piling  blocks  of  coal  round  a  low  central  chimney.  This 
however,  is  a  plan  which  cannot  be  recommended  for  adoption^  the 
waste  of  coal^  especially  in  high  winds,  being  enormous. 

PRELIMmABY  TREATMENT  OF  WOOD. 

When  the  forest,  instead  of  the  mine,  is  the  source  of  the  fiiel, 
previous  charring  is  almost  invariably  practised.  The  exception  is 
where  the  wood  is  highly  dried;  hot  in  this  state  it  is  a  small  propor- 
tion only  which  can  be  employed  in  iron  smelting.  The  volatile  matter^ 
consisting  of  gas  and  a  large  quantity  of  water,  which  is  capable  of 
expulsion  from  wood  by  heat,  is  so  great,  that  about  25  per  cent,  of  the 
weight  of  timber  employed  represents  a  common  yield  in  charcoal. 

In  the  woods  of  the  United  States,  a  square  acre  of  forest  affords 
About  20  to  40  cords  of  timber,  each  measuring  128  cubic  feet  as  it  is 
stacked.  This  forest,  if  allowed  to  grow  again,  would  not  be  fit  for  cutting 
for  thirty  or  forty  years.  Very  frequently,  however,  the  lands  used  in  the 
Western  World  for  obtaining  charcoal  remain  cleared  for  agricultural 
purposes.  The  actual  weight  of  charcoal  afforded  by  an  acre  of  ground 
varies  from  7  to  14  tons.     This  is  evidently  too  small  a  quantity  to 

*  I  understand  that  Messrs.  Pease  are  at  present  erecting  a  coking  work,  in  the 
Connty  of  Durham,  at  which  they  propose  coUectiDg  the  products  of  distillation  in 
^manner  describe 
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permit  of  any  permanent  erections  for  charring,  even  if  the  wood-lands 
were  intended  to  be  exclnsiyely  devoted  to  supplying  the  ironwork 
with  fdel.  The  reason  is  obvions.  The  conveyance  of  100  tons  of 
timber,  giving  at  the  outside  25  tons  of  charcoal,  would  entail  so  much 
expense,  owing  to  the  distances  apart  of  the  trees  to  be  felled,  that 
any  particular  building  would  speedily  have  to  be  abandoned  from 
nnsuitability  of  position.  The  consequence  is  that  the  wood  is  almost 
all  charred  in  heaps  formed  on  the  ground;  and  from  the  cause  already 
mentioned,  a  blast  furnace  so  speedily  consumes  the  trees  in  ita 
immediate  vicinity,  that  the  expense  of  conveying  the  charcoal  to  the 
works  becomes  an  important  item  in  the  cost  of  the  ftiel. 

It  is  true  that  near  Marquette,  on  the  shores  of  Lake  Superior,  the 
charcoal  is  made  in  large  dose  kilns;  but  this  is  done  from  necessity 
and  not  from  choice,  and  is  owing  to  the  length  and  severity  of  the 
winters,  any  saving  in  labour  or  gain  in  produce  being  more  than 
counterbalanced  by  the  additional  charge  incurred  on  the  carriage  of 
the  volatile  constituents  of  the  wood. 

From  numerous  enquiries  made  during  visits  to  the  American  forests,. 
I  have  estimated  the  cost  of  a  ton  of  charcoal  to  be  as  follows: — 

B.  d. 

Price  paid  for  timber  as  it  ttands  on  g^ond 0  S^ 

Cutting  timber     ...         ...        ,..         ...         ...         ...         ...        5  3^ 

Charcoal  burners  and  loading 18  0 

Total  cost  loaded  into  wagons,  at  kilns  £14    0 


The  price  of  transport  varies  according  to  distance;  sometimes  it 
is  a  mere  trifle,  but  5s.  or  6s.  per  ton  is  a  common  charge  for  this  item, 
and  occasionally  the  carriage  comes  to  as  much  money  as  the  cost  of  the 
charcoal  itself. 

In  Austria  the  cost  of  a  ton  of  diarcoal  delivered  at  the  fumaoes 
was  given  me  as  running  from  80s.  to  56s.  per  ton.  In  Sweden  the 
iron  master  who  owns  the  forest  lands  obtains  his  fuel  for  about  20s.; 
but  inclusive  of  the  value  of  the  wood  SOs.  to  85s.  wiU  represent  more 
nearly  the  price  of  a  ton  of  charcoal  in  that  country. 

The  price  paid  for  charcoal,  under  the  conditions  of  production 
just  described,  wiU  vary  greatly  according  to  the  state  of  the  iron 
trade.    With  low  selling  rates  of  his  produce,  the  smelter  who  is  depen* 
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dent  on  charcoal  brought  IVom  long  distancos^  and  often  oyer  very  bad 
roads,  will  curtail  his  make  of  pig;  and  so  discontinue  the  use  of  fuel, 
one-half  of  the  cost  of  which  may  be  incurred  in  transporting  it  from 
the  forest  to  the  fdmace. 

These  prices  of  charcoal  have  been  quoted  with  a  view  to  show 
under  what  disadvantages,  in  point  of  cost,  iron  is  manufactured,  when 
using  this  description  of  fuel.  In  the  coal-fields  of  Great  Britain,  coke 
is  usually  delivered  at  the  furnaces  at  about  128.  per  ton,  or  at  about 
one-half  the  sum  paid  for  charcoal  in  America.  Practically  the  manu- 
facture of  charcoal  iron  in  the  United  Kingdom  may  be  r^arded  as  a 
thing  of  the  past.  Messrs.  Harrison  Ainslie  and  Co.  still  smelt  about 
1,800  tons  of  this  article  per  annum,  which  is  chiefly  used  for  making 
malleable  iron  castings,  that  is,  castings  which  are  rendered  malleable 
by  a  prolonged  heating  in  contact  with  an  oxidizing  substance  like 
peroxide  of  manganese.  I  am  informed  that  at  their  furnaces  charcoal 
costs  45s.  to  75s.  per  ton.  For  use  in  tin  works  charcoal,  down  to 
a  recent  period,  commanded  40s.  to  50s.  per  ton,  but  here  again 
Bessemer  steel  bars  bid  fair  to  drive  iron  out  of  the  market,  so  that 
charcoal  fires  are  feet  disappearing. 

PBELIMINARY  TREATMENT  OP  THE  ORES  OP  IRON. 

The  ores  of  iron,  as  they  are  delivered  to  the  blast  furnace,  may 
be  divided  under  three  heads : — 

1. — Simple  oxides,  viz.  magnetic  oxide  (Fe,  O4)  and  peroxide 
(Fca  Oa),  which  contain  no  combined  water,  but  often  a 
considerable  quantity  of  included  moisture,  as  in  the  case 
of  ores  ^m  the  mines  of  Lancashire. 

2. — Peroxide  of  iron  containing  combined  water,  as  in  brown 
hematite. 

3. — Ores  in  which  the  metal  exists  as  a  carbonate  of  the  protoxide 
(Fe  0  COj). 

The  first  two  are  occasionally  found  nearly  pure;  in  most  cases  how- 
ever they  contain  from  10  to  15  per  cent,  or  more  of  earthy  matter. 
The  carbonate,  when  occurring  as  spathose  ore,  is  also  sometimes  almost 
pure;  but  in  the  usual  run  of  clay  ironstone,  in  which  the  metal  is 
likewise  combined  with  carbonic  acid,  the  foreign  matter  exists  in  such 
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quantity  as  to  redaoe  the  yield  to  from  28  per  cent,  to  40  per  cent. 
Occasionally  day  stone  contains  even  more  than  40  per  cent,  of  metal; 
but  30  per  cent,  represents  the  ordinary  produce  of  this  variety  of 
the  mineral^  which  is  by  &r  the  most  plentiful  of  all. 

Practically  it  may  be  said,  that  for  all  ores  in  which  the  iron  exists 
in  the  form  of  carbonate,  recourse  is  had  to  calcination,  before  their 
delivery  to  the  blast  furnace.  The  change  effected  by  the  operation 
is  the  expulsion  of  combined  water  and  of  moisture,  while  the  metal  is 
peroxidized,  and  a  portion  of  any  sulphur  present  is  driven  off. 

In  some  cases,  as  in  Sweden  and  elsewhere,  the  ores  of  the  oxide 
class  are  occasionally  calcined  before  they  are  submitted  to  the  action 
of  the  blast  furnace.  The  mineral  is  by  this  treatment  more  readily 
reduced,  and  to  some  extent  the  sulphur  it  may  contain  is  removed.^ 
As  a  rule,  however,  the  oxides  are  smelted  as  they  are  raised  from  the 
mine,  unless  it  has  been  necessary  to  remove  foreign  matter  by  any 
of  the  usual  modes  of  washing  when  the  same  is  capable  of  being  so 
separated. 

Clay  ironstone  is  frequently  calcined  in  the  open  air,  in  heaps  or 
clamps  as  they  are  called.  This  is  a  very  wasteful  method  both  in  fuel 
and  labour;  but  in  the  case  of  Black  Band  clay  stone  the  quantity  of 
coal  associated  with  the  ore  is  so  great,  that  it  would  be  difficult  to 
calcine  it  alone  in  a  kihi.  This  is  owing  to  the  liability  of  the  mineral  to 
run  together,  by  the  high  heat  evolved  during  the  process  of  calcination. 

The  apparatus  used  for  the  operation  in  question  has  been  greatly 
improved,  in  late  years,  in  the  district  of  Cleveland.  The  kilns  are  as 
lofty  as  the  blast  furnaces  formerly  were,  by  which  means  the  fuel 
consumed  is  reduced  to  about  8;^  per  cent,  of  the  mineral  employed; 
and  they  are  so  constructed  that  they  are  self-discharging  into  the 
furnace  barrows.  The  credit  of  these  improvements  is  due  to  Mr.  John 
Borrie  of  Middlesbrough,  and  they  seem  so  complete  as  to  leave  little 
room  for  further  amelioration. 

It  has  been  proposed  to  use  a  portion  of  the  ironstone  uncalcined; 
and  making  aUowance  for  the  loss  of  coal  which  is  incurred,  even  in  the 
well  constructed  kilns  just  described,  it  may  be  granted  that  the  quantity 

^  By  experiment  I  ascertained  that  previons  calcination  g^reatly  facilitated  the 
reduction  of  an  ore  by  means  of  carbonic  oxide.  (See  '*Chem.  Phen.  of  Iron 
Smelting/') 
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of  heat  escaping  from  the  latest  constracted  blast  furnaces  is  sufficient 
to  expel  the  water  and  carbonic  acid  from  the  whole  of  the  ironstone 
used.  The  intensity  of  the  temperature  of  the  gases  is  however  on  the 
whole  mach  below  that  required  for  the  operation;  and  hence  the 
advantage  of  the  change  is  very  questionable.  Besides  this,  there  is  a 
further  objection,  connected  with  the  subsequent  use  of  the  escaping 
gases.  By  weight  the  combustible  portion  of  this  gaseous  fuel  only 
amounts  to  15  per  cent,  of  the  whole;  and  any  material  addition  to  the 
uninflammable  ingredients  might,  and  we  know  does,  tend  seriously  to 
diminish  the  combustibility  of  the  useful  portion  of  the  gases.  The 
actual  labour  in  calcining  is  too  insignificant  to  demand  consideration; 
and  the  quantity  of  coal  consumed  in  the  operation  is  so  small,  as  not 
to  render  it  advisable  to  affect  in  saving  it,  the  burning  of  the  gases 
which  have  to  serve  for  driving  the  machinery,  and  heating  the  blast 
for  the  furnaces.  It  may  also  be  added  that  the  calcining  of  the  iron- 
stone, with  the  excess  of  free  air  which  passes  through  the  kilns,  effects 
a  more  perfect  separation  of  the  sulphur  than  can  be  accomplished  in 
the  blast  furnace,  where  at  the  proper  period  for  expelling  this  noxious 
element  there  is  no  free  oxygen  to  be  found. 

PRELIMINARY  TREATMENT  OF  LIMESTONE. 

In  the  great  majority  of  cases,  the  purer  the  iron  smelter  receives 
his  limestone^  the  better  it  suits  the  purpose  he  has  in  view.  It 
generallj  happens  that  the  silica  and  alumina  of  clay  ironstones  are 
found  in  such  proportions,  that  the  mere  addition  of  pure  lime  suffices 
as  a  flux  for  them.  The  presence  therefore  of  either  of  these  sub- 
stances in  the  limestone  itself  merely  adds  to  the  inert  matter  to  be 
fused.  Fortunately  for  successful  work  in  the  furnace  fusible  slags 
can  be  produced,  in  which  the  constituents  coexist  in  a  vast  variety  of 
proportions,  the  extent  of  which  will  be  most  conveniently  explained 
in  a  future  Section. 

Many  of  the  great  geological  deposits  of  limestone  consist  of  car- 
bonate of  lime  almost  pure;  thus  chalk,  when  dried,  will  contain  as 
much  as  99  per  cent,  of  this  substance,  and  the  mountain  limestone 
95  to  97  per  cent.,  while  the  limestone  of  the  Silurian  age  is  often  nearly 
SB  pure  as  chalk.  The  impurities  are  a  trace  of  oxide  of  iron,  alumina, 
and  silica ;  and  occasionally  magnesia,  existing  from  a  mere  trace  up 
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to  10  or  20  per  cent,  or  more.  In  the  formation  known  as  the  magaeeian 
limestone,  the  last  mentioned  earth  is  ahnost  invariably  present  in 
greater  or  less  quantity;  sometimes  nearly  half  the  weight  of  the  atone 
consisting  of  carbonate  of  magnesia. 

As  a  mere  question  of  Visibility,  the  presence  of  magnesia  is  the 
reverse  of  a  disadvantage;  because  not  only  do  certain  mixtures  of 
silica,  lime  and  magnesia,  even  without  any  alumina,  form  compounds 
which  are  easily  melted,  but  the  presence  of  a  fourth  ingredient,  or  even 
of  more,  frequently  promotes  fusion  in  the  remainder.     Generally 
speaMng  however,  magnesia  can  be  dispensed  with ;  because  the  earths 
of  our  clay  ironstones  are  sufficiently  easily  melted  without  its  aid, 
and  it  is  at  all  times  better  to  use  lime,  on  account  of  the  sulphur 
which  is  almost  invariably  found  both  with  the  iron  and  with  the  fueL 
Lime  has  at  high  temperatures  a  certain  affinity  for  this  element, 
whereas  magnesia  possesses  little  or  no  action  on  it.    To  free  iron  as 
fiir  as  possible  from  so  objectionable  an  ingredient  as  sulphur,  the 
lime  should  be  in  excess ;  hence  the  substitution  of  a  flux  inert  as^ 
regards  this  metalloid,  which  is  the  case  with  magnesia,  is  not  desirable. 
At  the  same  time  it  often  happens  that  economy  of  cost,  generally 
determined  by  transport  charges,  leaves  no  alternative  but  to  employ 
limestone  containing  a  considerable  percentage  of  the  earth  in  question. 
Thus  in  the  United  States  the  lime  in  the  flux  is  ofben  associated  with  so 
much  carbonate  of  magnesia,  that  in  smelting  the  magnetic  ores  of  New 
Jersey,  yielding  48  per  cent,  of  iron,  as  much  as  25  to  26  cwts.  of  flux 
is  required  per  ton  of  metal  produced.    The  carbon  wasted  by  the  re- 
action of  the  carbonic  acid,  entering  the  fdmace  as  carbonate  of 
magnesia,  and  the  fdsion  of  the  needless  amount  of  cinder,  will  pro- 
bably require  the  presence  of  an  addition  of  5  to  7  J  per  cent,  to  the 
coal,  as  was  the  case  at  the  works  at  which  I  obtained  my  inibnnation 
on  this  head. 

Among  certain  iron  works,  using  fiimaces  of  4,000  to  6,000  cubic 
feet  capacity,  it  has  been  the  fashion  to  calcine  the  limestone  before 
charging  it ;  and  inasmuch  as  the  presence  of  carbonic  acid  in  such 
cases  is,  for  the  reasons  assigned,  undesirable,  such  preliminary 
treatment  of  the  flux  may  on  certain  occasions  prove  usefrd.  So  far,, 
however,  as  it  is  possible  to  compare  the  performances  of  ftimaoes,. 
engaged  in  an  operation  where  there  are  so  many  disturbing  causes,  I 
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have  nerer  been  able  to  satisfy  myself  that  the  fidl  measure  of  economy 
was  efTectedy  due  to  the  diiference  between  employing  carbonate  of  lime 
raw,  and  in  its  calcined  condition. 

The  objection  to  the  nse  of  raw  limestone  in  the  fomace  is  mainly 
one  involTing  consumption  of  fdel,  which  may  be  summarised  as 
follows : — 

CalorieB. 
The  ezpnlmon  of  carbonic  acid  from  the  qoantitj  of  flnx  used 

per  20  unitB  of  iron  in  Cleveland,  say  from  11  units  of 

carbonate  of  lime,  gives  11  x  370 -^     4,070 

1*32  nnits  of  carbon  in  the  carbonate  of  lime  would  dissolve 

a  like  quantity  of  solid  carbon,  and  would  prevent  its 

combustion  at  the  hearth,  where,  burnt  with  hot  air, 

each  unit  would  yield  3,000  calories;  now  1*32  x  3,000  «     3,960 

Making  a  total  theoretical  gain  of     ...    8,030 

This  number  divided  by  S^OOO,  the  number  of  calories  afforded  by 
fuel  in  the  hearth,  gives  an  estimated  saving  of  2*67  units  of  fuel  on 
the  20  of  iron  produced. 

Of  course  from  this  saving,  namely  2*67  cwts.  of  coke  per  ton  of 
iron,  must  be  deducted  the  value  of  a  much  larger  weight  of  coal, 
practically  used  in  the  kilns  for  calcining  the  limestone.  Inasmuch 
however  as  the  refuse  coal  used  for  the  latter  operation  costs,  in  the 
case  alluded  to,  only  one-third  of  the  price  of  coke,  there  remained  a 
margin  of  economy;  although  in  reality  the  saving  was  not  more  thao, 
if  indeed  it  reached,  one-half  of  the  estimated  weight  mentioned  above. 

This  difference  between  the  real  and  calculated  saving  seems  to  me 
to  be  due  partly  to  the  fact  that  burnt  lime,  even  as  it  is  used  by  builders, 
often  contains  a  notable  quantity  of  carbonic  acid.  In  the  case  of 
that  employed  at  the  blast  furnaces,  the  quantity  of  carbonic  acid 
miexpelled  by  the  act  of  calcination  must  have  been  considerable, 
looking  at  the  relative  quantity  of  the  two  which  was  used.  Thus, 
when  raw  limestone  was  employed,  12*8  cwts.  sufficed  per  ton  of  iron, 
equal  therefore  to  7*17  cwttf.  of  actual  lime.  Or  again,  14  cwts.  of 
linxestone  sufficed  in  famaces  only  48  feet  high,  which  would  be 
equivalent  to  7*84  cwts.  of  pure  lime.  To  maintain  the  cinder  however  of 
a  Bunilar  composition  as  regards  lime,  when  the  calcined  lime  was  used, 
the  weights  were  10  and  11  cwts.  respectively.    It  may  therefore  be  in- 
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ferred  that  there  wasstill  preBent(10 — 7*17) or  2*88  cwts.and(ll — 7*84) 
or  3*16  cwts.  of  earbonio  add  respectiyely.  Now  as  the  fall  equivaleiit 
of  carbonic  acid  was  only  5-68  and  6*16  cwts.,  for  the  two  qnantitieB 
of  limestone^  it  looks  as  if  the  actual  quantity  of  this  volatile  constituent 
bad  only  been  removed  by  calcination  to  the  extent  of  about  one-hal£ 

Another  cause  of  the  want  of  economy  of  fuel  is  probably  due  to 
the  behaviour  of  carbonic  acid  as  regards  lime.  Under  certain  oon- 
ditionSy  as  is  well  known,  a  high  temperature  dissociates  the  two  sub- 
stances, while  at  ordinary  temperatures  they  combine  with  marked 
readiness.  It  has  to  be  observed,  however,  that  a  heat  up  to  that  of 
redness  greatly  adds  to  the  rapidity  with  which  lime  absorbs  carbonic 
acid.  In  such  furnaces  as  those  to  which  the  present  remarks  apply, 
the  calcined  lime  would  commence  to  absorb  carbonic  acid  inmiediatelj 
after  being  charged ;  and  it  would  continue  so  to  act  until  it  readied 
that  zone  of  the  furnace  where  elevation  of  temperature  and  other  con- 
ditions would  put  a  stop  to  further  absorption.  Such  carbonic  add, 
however,  as  was  thus  taken  up  by  the  lime,  would  act  on  the  carbon, 
and  give  rise  to  the  same  expenditure  of  heat  for  its  subsequent  ex- 
pulsion, as  if  it  had  existed  naturally  in  the  flux. 

When  the  larger  furnaces  were  erected  in  Cleveland,  the  same 
practice  as  regards  the  limestone  was  applied  to  them;  but  the  results 
were  not  such  as  to  justify  its  continuance,  for  there  was  scarcely  if 
any  perceptible  economy  of  fueL  The  cause  of  this  was  probably  due 
to  the  prolonged  period  of  exposure  to  the  more  moderate  temperature, 
extending  as  this  does  over  a  much  wider  space  in  a  lofty  than 
in  a  low  furnace.  This  change  would  be  accompanied  by  a  more  com- 
plete return  of  the  calcined  lime  to  its  natural  state  of  carbonate  of  lime. 

No  doubt  the  reabsorption  of  carbonic  acid  by  lime  would  be 
accompanied  by  a  rise  of  temperature;  but  tlus  probably  takes  place  so 
near  the  point  where  the  gases  leave  the  furnace  that  they  have  not 
sufficient  opportunity  of  imparting  the  heat  thus  required  to  the 
materials  filling  its  upper  region. 

The  only  case  I  am  acquainted  with,  when  caustic  lime  is  employed 
in  a  modem  large  furnace,  is  that  where  a  portion  of  the  ore  (day 
ironstone)  is  used  in  a  raw  state.  Such  treatment  therefore  only  means 
expelling  carbonic  add  from  limestone  instead  of  from  ironstone. 
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SECTION  V. 


THE  BLAST  FURNACE. 

The  difficulty  any  form  of  the  direct  process  labours  under,  in  taking 
the  place  of  the  blast  fomace,  meets  us  from  almost  every  point  of  view 
in  which  the  subject  may  be  regarded. 

For  the  founder  the  blast  furnace  is  indispensable;  for  so  far  as  our 
experience  goes,  it  constitutes  the  only  avaflable  means  by  which  he  can 
be  supplied  with  cast  iron.    No  doubt,  for  malleable  iron  purposes, 
the  blast  furnace,  as  has  been  admitted,  is  a  circuitous  mode  of  pro« 
cedure,  for  in  it  the  metal  takes  up  substances  which  have  to  be  got 
rid  of  by  a  subsequent  process  or  processes.    This  disadvantage,  as 
has  been  abready  explained,  is  more  than  counterbalanced  by  the  very 
economical  application  of  labour  permitted  by  the  character  of  the 
operation,  and  by  the  mudi  higher  duty  performed  by  the  fuel,  when 
compared  with  that  obtained  elsewhere,  whenever  a  high  temperature 
is  required.    Along  with  these  two  claims  for  a  position  of  superiority 
over  the  direct  process,  is  the  practical  absence  of  all  waste  of  iron  in 
the  operation  of  smelting.    Doubtless  against  this  last  named  ground 
of  preference  has  to  be  set  the  loss  of  metal  incurred  during  the  sub- 
sequent process  of  separation  from  the  contracted  impurities.    After 
allowing  for  this,  however,  a  considerable  balance  remains,  even  in  the 
item  of  waste,  as  against  the  production  of  malleable  iron  direct  from 
the  ore,  and  in  favour  of  the  use  of  pig  iron. 

For  a  proper  appreciation  of  the  nature  and  efficiency  of  the  process, 
as  performed  by  the  blast  fiimace,  a  somewhat  careful  examination  of 
its  work,  chemical  and  otherwise,  is  indispensable.  Before  entering 
into  this  question,  it  may  be  well  to  refer  again  to  the  circumstances 
which  render  it  easy  for  the  pig  iron  maker  to  economise  in  human 
labour.  One  of  the  most  important  of  these  is  the  compactness  of  his 
plant :  for^  including  moderate  but  sufficient  room  for  Btocks  of  materials, 
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a  blast  furnace^  with  its  calcmmg  kUns  and  other  accompanimeatB, 
stands  on  a  space  not  exceeding  half  an  acre  of  ground.  Within  this 
small  area  will  be  annnallj  received^  and  most  economically  handled  in 
the  manner  already  spoken  of^  abont  120,000  tons  of  minerals;  and 
from  it  upwards  of  60,000  tons  of  iron  and  slag  will  be  conveyed  with 
equal  expedition  and  cheapness.  The  consequence  of  such  an  arrange- 
ment is  that^  in  some  of  our  best  establishments,  for  each  day's  work  of 
the  men  employed,  nearly  two  tons  of  pig  iron  are  obtained.  It  would 
be  difficult,  looking  at  the  quantities  to  be  handled,  to  find  an  instance 
where,  with  so  small  a  number  of  men,  so  large  an  amount  of  work  is 
performed. 

We  may  now  proceed  to  the  consideration  of  those  agencies,  by 
the  exercise  of  which  the  blast  furnace  performs  its  duty  in  the 
efficient  manner  claimed  for  it.  In  dealing  with  this  question,  it  is 
not  proposed  to  enter,  in  the  present  Section,  into  all  the  details  of  the 
chemistry  of  the  smelting  process.  The  leading  phenomena  only  of 
the  theoiy  will  now  be  considered,  reserving  any  further  explanation 
to  be  discussed  under  separate  Sections. 

If  a  piece  of  carbon,  such  as  charcoal,  is  heated  to  redness,  and  con- 
tinues to  bum,  surrounded  on  all  sides  by  air,  it  will  be  so  without  any 
visible  flame.  Each  molecule  of  the  combustible  is  converted  at  once 
into  carbonic  acid,  with  the  evolution  of  the  largest  amount  of  heat  its 

combustion  can  afford,  viz. :  about  8,000  centigrade  units  per  unit  of 
carbon.  H,:>'So  3.r.U, 

If  on  the  other  hand  several  pieces  of  charcoal  are  placed  in  contact 
with  each  other,  and  the  air  required  for  their  combustion  is  made  to 
pass  upwards  through  the  mass,  a  blue  flame  will  appear  at  the  top. 
This  is  owing  to  a  deficient  supply  of  atmospheric  oxygen  causing  the 
previous  formation  of  carbonic  oxide  (00),  which  is  afterwards  burnt 
to  the  state  of  carbonic  add  (00,),  the  moment  it  meets  the  external 
air.  This  generation  of  the  lower  oxide  of  carbon  may  take  place  in 
two  ways.  Each  equivalent  of  atmospheric  oxygen  may  meet  with  one 
of  carbon  and  unite  with  it,  thus  forming  carbonic  oxide  at  once;  or 
else  the  carbon  may  first  be  burnt  to  the  condition  of  carbonic  acid, 
and  then  this,  the  highest  oxide  of  carbon,  may  come  in  contact  with  a 
fresh  equivalent  of  carbon  in  a  highly  heated  state,  and  dissolve^it,  two 
equivalents  of  carbonic  oxide  being  the  result  (00,  x  C  =  200).    In 
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:ft  calorific  point  of  view,  ibis  action  is  precisely  the  same  as  if  the  two 
nnits  of  carbon  had  been  burnt  directly  to  the  state  of  carbonic  oxide. 
In  all  low  fires,  such  as  the  Catalan  hearth  and  refinery,  the  real 
natore  of  the  oombostion  varies  with  circnmstanoes,  sach  as  the  depth 
of  the  fire,  and  the  temperature  of  the  fuel,  whether  it  be  charcoal  or 
coke.  As  a  role  we  may  take  it  that  near  the  tayeres  of  these  shallow 
furnaces  there  is  a  certain  amount  of  carbonic  acid  present,  only  part 
of  which  is  reduced  higher  up  to  the  state  of  carbonic  oxide.  In  this 
way  a  portion  of  the  carbon  arrives  at  the  surface  of  the  fire  in  the  form 
of  carbonic  add,  and  there  it  mingles  with  that  resulting  from  the 
•combustion  of  any  carbonic  oxide  which  may  reach  this  point  as  such. 
It  thus  happens  that  in  such  arrangements  as  those  last  mentioned, 
the  whole  of  the  carbon,  in  the  one  way  or  the  other,  passes  up  the 
chimney  as  carbonic  acid,  having  evolved  by  its  oxidation  the  greatest 
amount  of  heat  it  is  capable  of  affording.  It  is  clear,  however,  that 
when  the  object  of  such  a  fire  as  the  Catalan  or  refinery  is  the  imparting 
of  heat  to  some  body  immersed  in  £he  fuel,  it  cannot  be  otherwise  than 
an  exceedingly  wasteful  operation.  That  portion  of  the  carbon  which 
is  burnt  below  the  surface  of  the  fuel,  passes  too  rapidly  upwards  to 
have  time  to  impart  more  than  a  mere  fraction  of  its  heat  to  the 
matter  exposed  to  its  influence.  On  the  other  hand,  such  combustion 
BA  takes  place  on  the  surface  of  the  mass,  is  scarcely  in  contact  with 
the  body  to  be  heated,  and  exercises  little  or  no  useful  effect. 

Let  us  now  compare  the  nature  of  the  combustion  as  it  is  effected 
in  the  blast  furnace,  and  the  application  of  the  resulting  heat,  with 
that  just  described.  For  this  purpose,  we  will  suppose  that  the  fuel 
is  burnt  in  a  furnace  having  a  height  of  80  feet.  The  result  of  several 
analyses^  satisfied  me  that  almost  all  traces  of  carbonic  acid  disappear 
within  a  foot  or  two  of  the  level  of  the  tuyeres:  we  may  therefore  infer 
that,  in  the  absence  of  any  subsequent  change,  the  whole  of  the  carbon 
burnt  at  the  hearth  would  be  given  off  at  the  throat  as  carbonic 
oxide.  Imagine  such  a  furnace  filled  with  coke,  along  with  a  neutral 
substance  such  as  slag,  not  liable  to  any  chemical  change.  Fire  is 
communicated  below,  and  the  blast  applied.  Combustion  rapidly  sets 
in,  and  the  gases,  as  they  arrive  at  the  top,  soon  become  sensibly 

*  Chpm.  pheii.  of  Iron  Smelting,  pp.  8  and  9. 
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warmer.  Their  temperature  will  continue  to  rise  until  at  the  rate 
at  which  the  famace  is  driven,  the  reMgerating  influence  of  the 
cold  materials,  as  they  enter^  establishes  a  position  of  heat  equilibrium; 
and  the  mean  temperature  of  the  gases  will  then  remain  stationaiy. 
It  is  easy  to  note  the  time  when  this  occurs,  and  to  observe  the  exact 
quantity  of  coke  which  has  been  burnt  between  this  epoch  and  that  at 
which  the  blast  was  laid  on.  The  number  of  heat  units  evolved  by 
burning  this  weight  of  coke  is  easily  computed,  and  along  with  it  the 
weight  of  gases  which  has  been  generated  by  its  combustion.  The 
mean  temperature  of  these  gases  having  been  noted^  we  can  asoertaiiL 
with  tolerable  nicety  the  quantity  of  heat  they  are  carrying  away  with 
them.i  The  difference  between  the  two  sets  of  figures  represents  the 
quantity  of  heat  intercepted  by  the  incoming  materials.  The  amount 
of  this  difference  I  ascertained  upon  two  occasions,  when  blowing  in  a 
furnace,^  and  found  it  to  be  such  that,  for  every  calorie  originally 
evolved  in  the  hearth  by  the  direct  combustion  of  the  fuel,  2*3^ 
calories  were  brought  back  thither  by  the  materials  descending  fix)m 
the  upper  region  of  the  furnaces.  From  these  figures  we  have  the 
following  statement  of  the  heat  development  in  the  hearth,  per  unit  of 
carbon  consumed  therein  : — 

Heat  Calories. 
One  unit  of  carbon  bnmt  at  the  hearth  to  carbonic  oxide 

K 1  V^?D  •••  •••  •••  •••  ••■  »••  •■«  ^y^A^J 

Heat  imparted  to  the  gases  by  the  combustion  of  preceding 
units  of  carbon,  which  heat  being  intercepted  by  the 
descending  materials,  is  returned  to  the  hearth,  in  the 
ratio  given  above,  viz.  2*33  to  1,  and  gives       5,592 

Together        ...    7,992 

Practically  therefore  the 'combustion  of  a  unit  of  carbon  burnt  to 
carbonic  oxide  in  a  blast  furnace  of  80  feet  gives  nearly  as  good  an 
effective  result,  although  it  evolves  only  2,400  calories,  as  the  same 
quantity  of  carbon  burnt  to  carbonic  add  in  a  low  fire  although  in  the 
latter  case  8,000  calories  per  unit  of  carbon  are  generated.  There  is 
however  this  marked  difference  between  the  two  examples,  that  whereas 

'  Certain  disturbing  influences  must  be  taken  into  the  account,  but  they  need 
not  be  considered  at  the  present  moment. 

*  Chem.  Phen.  of  Iron  Smelting,  p.  293. 
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the  7»992  heat  units  referred  to  in  the  case  of  the  blast  fumaoe  are 
^hnost  all  usefolly  employed,  a  very  large  proportion  of  the  8,000 
evolved  in  the  low  hearth  escapes  into  the  air  unutilized.  In  the  low 
"fire,  as  experience  tells  us,  there  is  an  enormous  waste  of  heat,  which  is 
indeed  visible  in  the  flame  and  incandescence  at  the  surfiEice  of  the  fuel. 
On  the  other  hand,  in  a  blast  furnace  of  80  feet,  the  materials  are,  it  is 
true,  red  liot,  for  more  than  50  feet  above  the  hearth;  but  the  upper 
surface  of  the  materials,  instead  of  being  red  hot,  exhibit  little  or  no 
-signs  of  incandescence,  proving  a  comparative  freedom  from  waste  due 
ito  this  cause. 

Hitherto,  in  considering  the  behaviour  of  the  blast  furnace,  regard 
has  only  been  paid  to  its  power  of  raising  the  temperature  of  any  sub* 
stance  exposed  to  its  action.  But  the  duty  of  the  blast  furnace  is  of  a 
two-fold  kind:  it  has  of  course  to  fuse  every  non-volatilized  substance 
which  enters  it,  but,  before  this  is  done,  it  has  also  a  chemical  function 
to  discharge,  viz.  the  reduction  of  the  ore.  This  duty  is  also  admirably 
performed,  as  will  be  perceived  on  a  short  consideration  of  its  nature, 
effected  as  it  is  by  means  of  carbonic  oxide  gas.  Although  an  oxide 
of  iron  is  easily  reduced  by  solid  heated  carbon,  it  is  greatly  to  be  pre- 
ferred, for  reasons  which  will  be  explained  in  detail,  that  the  deoxida- 
tion  should  be  performed  by  carbonic  oxide;  and  therefore  by  carbon 
which  in  this  case,  by  its  combustion  at  the  tuyeres,  has  already 
Tendered  valuable  service  in  melting  the  slag  and  iron. 

In  order  to  enable  the  reducing  gas  (CO)  to  perform  its  office,  an 
elevation  of  temperature  is  necessary.  For  the  removal  of  the  first 
part  at  least  of  the  oxygen  in  the  ore,  a  very  moderate  heat  suffices— 
420°  P.  (fel5°  C.)  being  enough  for  the  purpose;  but  at  anything  below 
abw  red  heat  reduction  goes  on  slowly.  The  effect  of  the  action  upon 
the  gas  itself,  is  its  conversion  from  carbonic  oxide  (GO)  into  carbonic 
add  (COs) — a  change  effected,  as  will  be  seen  from  the  symbols,  by  the 
absorption  by  the  carbon  of  an  additional  equivalent  of  oxygen,  derived 
of  course  from  the  ore,  CO  +  0  =  CO,. 

It  is  a  fact  well  known  to  chemists  that  reduced  iron  in  its  spongy 
state,  when  heated  in  the  presence  of  oxygen,  unites  readily  with  this 
element;  indeed  so  strong  is  the  affinity  between  the  two  substances 
that,  under  certain  conditions,  iron  in  this  form  is  capable  of  splitting 
iip  the  very  carbonic  acid  produced  from  its  own  previous  reduction  by 

B 
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2neaiiB  of  carbonic  oxide.  The  conditionB  for  this  reyersed  action  are 
dependent  on  differences  of  heat;  the  power  of  carbonic  add  to  oxidize 
iron  increasdngy  at  certain  temperatures,  more  rapidly  than  does  the 
reducing  power  of  carbonic  oxide.  Hence,  when  certain  mixtures  (jS 
the  two  gases  are  passed  over  oxide  of  iron  at  certain  temperatures, 
reduction  is  suspended.  As  an  example  it  was  found  impossible  to 
obtain  metallic  iron  when, 

1*5  vols,  of  carb.  acid  were  added  to  1  vol.  of  carb.  oxide,  the  heat  being  a  low  red. 
*47  do.  do.  1  do.  do.  faUied. 

*11  do.  do.  1  do.  do.  approaching  whiter 

Further  trials  were  made  with  the  two  gases  in  equal  volumes,  the 
mixture  being  passed  over  spongy  iron,  and  over  peroxide  of  iron  at  & 
white  heat.  The  metal  was  oxidized  to  the  condition  of  protoxide 
(FeO)  and  the  peroxide  (FegOg)  was  found  to  have  lost  exactly  as  much 
of  its  oxygen  as  brought  it  down  to  the  same  state  of  combination 
(FeO)  as  the  other  had  attained,  when  it  ceased  to  absorb  more  of  the 

gas. 

With  a  natural  law  such  as  that  demonstrated  by  the  results  of 

these  experiments,  it  is  easy  to  imagine  what  must  be  the  fate  of 
ore  thrown  into  a  low  fire.  It  speedily  reaches  a  point  where  the 
temperature,  and  the  proportion  of  carbonic  acid  to  carbonic  oxide, 
are  such  as  to  render  reduction  of  the  whole  of  the  oxide  of  iron 
physically  impossible.  Or,  even  admitting  the  gases  at  the  point  in 
question  to  possess  a  deoxidizing  power,  under  other  conditions, 
sufficient  for  complete  reduction,  that  power  is  so  diminished  in 
intensity,  and  therefore  in  rapidity  of  action,  by  the  presence  of  in- 
tensely heated  carbonic  acid,  that  Vision  of  the  earths  and  slagging  of 
the  iron  oxide  become  inevitable. 

By  a  parity  of  reasoning,  it  is  difficult  to  see  how  the  direct  process, 
as  carried  on  in  a  reverberatory  furnace,  with  an  intensely  heated 
atmosphere  containing  a  large  quantity  of  carbonic  add,  can  be  en- 
tirely satisfactory,  so  far  as  an  approach  even  to  complete  reduction  is 
concerned.  Against  the  advantage  of  a  saturated  oxidation  of  the 
fuel,  more  or  less  complete  in  its  character,  has  to  be  placed  the  loss  of 
heat  which  takes  place  at  the  chimney  of  an  ordinary  furnace,  or  in  the 
producers  employed  for  generating  the  gas  used  in  Siemens'  furnace. 


SECTION  V. — THE  BLAST  FUENACB.  67 

and  also  in  the  latter  case,  of  the  heat  which  escapes  interception  in 
the  regenerators.  The  sam  of  these  two  sources  of  waste  is  sach  as  to 
reduce,  we  are  told,  the  actual  work  performed  in  a  common  rever- 
beratory  furnace  to  only  10  per  cent.,  and  in  the. regenerative  furnace 
to  less  than  25  per  cent.,  of  the  full  heating  power  of  the  fuel  employed. 
It  must  however  be  borne  in  mind,  as  a  circumstance  in  their  favour, 
that  these  descriptions  of  furnace  employ  raw  coal  and  not  coke ;  and 
farther  that  the  duty  required  to  reduce  iron,  and  raise  it  to  the  wel- 
ding heat,  is  considerably  less  than  that  required  to  fuse  pig  iron  mixed 
with  nearly  one  and  a  half  times  its  weight  of  slag.  This  makes  it 
difficult  to  compare  the  two  operations,  with  any  dose  approximation 
to  accuracy,  in  the  matter  of  consumption  of  fuel;  but  there  is  no  doubt 
that  the  effect  of  the  whole  of  the  carbon  being  burnt,  in  the  rever- 
beratory  furnace,  to  the  state  of  carbonic  acid — the  point  upon  which 
its  superiority  in  the  evolution  of  heat  depends — must,  for  the  reasons 
just  assigned,  materially  interfere  with  the  reduction  of  the  metal. 

In  the  blast  furnace,  the  iiiel  no  doubt  is  imperfectly  burnt,  that  is 
it  is  fiur  from  being  entirely  converted  into  carbonic  acid,  but  with  such 
accompanying  advantages  as  to  be,  in  other  respects,  equal  in  beneficial 
effect  to  the  most  complete  form  of  combustion.  Nor  is  this  all;  for 
there  remains,  after  the  work  of  the  blast  furnace  has  been  performed 
a  reserve  of  useful  heat  in  the  waste  gases,  the  discussion  of  the  value 
of  which  will  be  most  conveniently  postponed  to  a  future  period* 
Again,  the  complete  reduction  of  the  metal  by  a  simple  enlargement 
of  the  capacity  of  the  furnace,  without  any  further  cost  or  trouble,  is 
invaluable.  In  such  a  furnace  a  slow  and  economical  reduction  of  the 
ore  is  effected,  at  a  temperature  where  the  oxidizing  power  of  the 
carbonic  acid  is  effectually  kept  in  check,  by  the  opposing,  or  reducing 
force  of  the  lower  oxide  of  carbon. 

Having  now  attempted  to  describe  in  general  terms  the  two  salient 
points  which  confer  marked  excellence  of  results  on  the  blast  furnace, 
ve  may  proceed  to  consider  more  closely  its  mode  of  action.  In  the 
puTBuit  of  this  enquiry  it  will  be  assumed  that  the  final  operation  of 
fosion,  in  the  smelting  of  iron,  is  accomplished  by  the  heat  generated 
in  homing  the  carbon  in  the  hearth  to  the  condition  of  carbonic  oxide. 
It  therefore  follows  that  anything  tending  to  consume  carbon  in  the 
upper  region  of  the  furnace  must  be  avoided,  because  it  means  that 
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there  will  remain  a  smaller  quantity  for  combustion  where  the  greatert 
heat  is  needed,  viz.  at  the  tuyeres.  It  is  not  a  difiScult  matter  to 
-ascertam^gret^  correctly,  to  what  extent  the  carbon  in  a  blast  furnace 
is  carried  off  before  it  reaches  the  hearth.  For  this  purpose  we  must 
ascertain  the  quantity  of  atmospheric  oxygen  entering  the  fhmaoe  at 
the  tuyeres,  obtained  by  determining  the  weight  of  atmospheric 
nitrogen  in  the  gases;  we  must  also  learn,  so  far  as  the  somewhat 
rough  nature  of  the  operation  permits,  the  quantity  of  carbon  entering 
the  furnace,  say  for  each  20  units  of  iron  made.  From  these  two  sets 
of  figures  the  carbon  oxidized  at  the  tuyeres  is  estimated.  The  follow- 
ing calculation  embodies  the  figures  necessary  for  obtaining  the  in- 
formation just  referred  to.  The  data  are  those  furnished  by  a  furnace 
80  feet  high,  smelting  Cleveland  ironstone,  with  a  consumption  of  28*5 
units  of  coke  and  12'8  units  of  limestone  per  20  units  of  pig. 

The  analysis  of  the  escaping  gases  gave  the  following  results,  by 
weight:' — 

Carbon.  Ozygim.  Nlteo^en. 

Carbonic  oxide  (CO)  28-2      -      1208  ...  1612  ...         — 

Carbonic  acid  (CO.)  U-9      -        406  ...  10*84  ...         — 

Nitrogen            ...     56*9      «        —  ...  —  ...      56-90 

100-0  16-14  26-96  6690 

The  carbon  in  the  gases,  reckoned  on  20  units  of  iron,  is  obtained 
as  follows: — 

Oarbon. 

Coke  used  28*5  anit8,  less  ash  and  water  2*85  —      21*15 

Limestone  used  12*8  units,  containing  of  carbon     1*53 

22-68 
Less  carbon  entering  into  combination  with  the  iron         ...        -60 


Carbon  carried  off  in  the  gases,  per  20  units  of  iron  prodnced  22*08 

Now  the  proportion  of  nitrogen  to  carbon  in  the  gases  has  been 
shewn  to  be  as  56*90  to  16*14.  Hence  the  proportion  to  obtain  the 
nitrogen  per  20  units  of  iron,  is: — 

C  1614         :         N  56-90        : :        C  22-08         :         N  77-84 

Thus  it  has  been  shewn  that  upon  the  occasion  referred  to,  the 
22*08  units  of  cai'bon  found  in  the  gases  were  associated  with  77*84 

'  Hydrogen  and  marsh  gu  are  omitted,  as  not  seriously  affecting  the  result 
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» 

units  of  nitTogen.  When  however  the  gases  at  the  tnjeres  came  to  be 
analyzed,  the  carbon  present  with  the  same  quantity  of  nitr<^en  (77*84 
Qnits)  only  amounted  to  19*85  units,  shewing  a  disappearance  of  2*78 
anits  of  carbon. 

The  propolrtions  of  carbonic  oxide  and  carbonic  acid  to  nitrogen 
haying  also  been  ascertained  in  the  analysis  given  above,  we  have  for 
every  20  units  of  iron. 

Of  carbonic  oxide— N  66«)   :    CO   28*2  : :  N  77*84   :    CO   8857 
and  uf  carbonic  acid— N  66*90   :    CO,  14*9  ::  N  77*84   :    CO.  20*38 

Returning  to  the  carbon  burnt  at  the  tuyeres,  it  is  necessary  to 
ascertain  in  the  first  instance  the  full  quantity  of  carbonic  add  capable 
of  being  generated  by  the  reduction  of  the  20  units  of  iron;  because 
aay  result  short  of  this  implies  direct  loss,  inasmuch  as  the  absence  of 
carbonic  acid  means,  either  that  carbon  has  been  the  reducing  agent, 
or  that  carbonic  acid,  if  formed,  has  been  afterwards  reduced  to  the 
condition  of  carbonic  oxide;  the  loss  being  the  same  in  both  instances. 

Let  us  see  how  the  quantity  of  heat  evolved  by  a  unit  of  carbon  is 
affected  by  these  three  different  ways  of  acting  on  oxide  of  iron. 

BmX  UuiU. 
If  the  carbon  nnit  reaches  the  tuyeres  it  is  bnmt  there  to 

the  condition  of  carbonic  oxide— giving  off  therefore...    2,490 

If  the  same  unit  of  carbon,  in  the  form  of  carbonic  oxide 

(CO),  reduces  oxide  of  iron,  it  becomes  carbonic  acid 

(CO.),  and,  if  it  escapes  as  such,  it  wiU  have  generated 

a  further  amount  of  heat,  viz 5,600 

Together     8,000 

If  on  the  other  hand  carbon  be  the  reducing  agent,  and  the 

gas  escape  as  carbonic  oxide,  the  heat  evolved  is         ...    2,400 

Or,  if  carbonic  oxide  be  the  reducing  agent,  and  the  resulting 
carbonic  acid  (CO,)  be  afterwards  reduced  to  the  con- 
dition of  carbonic  oxide  (CO),  then  we  have  the  same 
result ;  for  the  total  heat  evolved  by  the  combustion  of 
carbon  to  form  carbonic  acid  is      ...    8,000 

Less  absorbed  by  subsequent  reduction  of 

carbonic  acid  to  carbonic  oxide      . . .     5,600 

«  as  before  2,400 

The  Pig  iron  of  Cleveland  is  associated  with  carbon,  silicon,  etc.  to 
8Qch  an  extent  as  to  leave  only  about  18*60  units  out  of  the  20  units 
for  pure  iron. 
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Unita. 


The  oxygen  comUned  with  18*60  nnijte  of  iron,  as  peroxide 
of  iron,  will,  by  oxidizing  carbonic  oxide,  the  reducing 
agent,  form  carbonic  acid  amoonting  to  21*92 

The  limestone  employed,  12*8  units  per  20  nnits  of  pig  iron, 

contains  of  carbonic  acid 5*63 

A  pecaliar  reaction,  to  be  hereafter  described  as  carbon  im- 
pregnation, probably  g^ves  rise  to  the  formation  of 
carbonic  add  to  the  extent,  per  20  nnits  of  pig,  of     ...      2*20 

Total  carbonic  acid  generated  per  20  nnits  of  pig  iron...     29*75 
Bnt  the  actual  quantity  of  carbonic  acid  (CO,)  in  the  escaping 

gases,  per  20  units  of  iron,  was  only      20*38 

Shewing  a  disappearance  of  carbonic  acid  amounting  to...      9*87 

Now  the  quantity  of  carbon  required  to  reduce  9*37  units  of 
carbonic  acid  to  carbonic  oxide  is  2*55  units;  hence,  instead  of  finding 
22*08  units  of  carbon  in  the  gases  at  the  tuyeres,  we  ought  only  to 
have  (22*08  —  2-55),  or  19-63  units. 

As  a  fact  there  were  really  founds  as  has  already  been  shewn,  19*35 
units  per  20  of  iron,  the  samples  for  analysis  in  both  instances  being 
taken  as  nearly  as  could  be  at  the  same  time.  These  two  numbers  ore 
perhaps  as  near  an  approximation  as  the  nature  of  the  case  wonld 
lead  us  to  expect. 

The  means  of  diminishing  this  solution,  as  it  were,  of  carbon  by 
carbonic  acid,  and  the  examination  of  the  laws  which  govern  the 
relations  between  mixtures  of  the  two  oxides  of  carbon  (CO  and  CO  j) 
with  iron  ore,  are  questions  demanding  the  most  careful  attention  of  the 
smelter.  Had  it  happened  that  solid  carbon  acted  on  oxide  of  iron  by 
removing  its  oxygen  at  a  lower  temperature  than  that  at  which  carbonic 
oxide  performs  the  same  office,  it  is  probable  that  we  should  have 
had  the  reduction  of  the  ore  chiefly  effected  by  the  former;  and  con- 
sequently should  have  been  compelled  to  content  ourselves  with  the 
conversion  of  all  the  fuel  into  carbonic  oxide,  and  an  evolution  of 
2,400  heat  units  per  unit  of  carbon;  whereas  in  reality  a  portion  passes 
into  the  state  of  carbonic  acid,  and  affords  as  we  have  seen  8,000  umts 
per  unit  of  carbon.  Precisely  the  same  effect  would  have  been  caused, 
had  carbonic  acid  dissolved  carbon  at  a  lower  temperature  than  that,  at 
which  carbonic  oxide  is  able  to  withdraw  oxygen  irom  an  oxide  of  iron. 
Here  also  the  sole  product  of  the  combustion  of  the  coke  in  the  blast 
fiimace  would  have  been  carbonic  oxide. 


Plate  1 


DIAGRAM    SHEWING    TEMPERATURES   AT  WHICH 

CARBON  (C)  AND   CARBONIC    OXIDE   fC  O) 
BEGIN    TO  ACT    ON  PER-OXIDE    OF  IRON  (Ee  0) 

AND    THOSE   AT   WHICH 
CARBONIC   ACID  (CO)  BEGINS   TO  ACT    ON 

IRON  AND    CARBON 
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It  is  farther  obyions  that  the  nearer  the  temperatareSy  at  which  the 

two  classes  o£  reaction  just  mentioned  take  place,  the  greater  mnst  be 

the  difficolty  of  secoring  the  greatest  practicable  weight  of  carbon 

raised  to  its  higher  state  of  oxidation. 

Haying  the  importance  of  the  last  named  object  in  view — ^the 

determination  of  the  different  degrees  of  heat,  at  which  the  varions 

dmnges  are  liable  to  occnr  in  the  blast  furnace — forms  an  indispensable 

object  of  research  for  the  furnace  manager. 

Fortunately,  as  will  be  seen  immediately,  the  range  of  temperature, 

which  embraces  the  series  of  reactions  in  question,  is  very  oonsiderabley 

running  over  1,100**  P.  (611*^  C),  and  extending  from  about  400®  P. 

<204*'  C.)  to  1,500®  P.  (816®  C.) 

The  following  is  a  general  summary  of  the  result  of  a  long  series 

of  experiments  nndertaken  with  the  view  to  ascertain  the  laws  affecting 

the  action  of  carbon  and  carbonic  oxide  on  oxide  of  iron,  and  of  car* 

bonic  acid  on  carbon  and  on  metallic  iron.    At  the  same  time  it  must 

be  understood  that  the  numbers  given  are  liable  to  considerable 

fluctuations,  dependent  on  the  nature  of  the  materials  employed* 

Thus  some  varieties  of  ore  are  more  susceptible  of  reduction  by 

•carbonic  oxide  than  others,  and  are  therefore  more  speedily  reduced, 

There  are  differences  also  in  the  readiness  with  which  carbonic  acid 

acts  on  the  carbon  in  difiierent  kinds  of  coke.    This  want  of  uniformity 

is  important,  because  upon  it,  as  will  be  subsequently  shewn,  practical 

questions  connected  with  the  use  of  the  blast  furnace  are  greatly 

dependent. 

It  was  found  from  the  experiments  referred  to  : — 

CO 

lit. — That  the  action  of  carbonic  oxide  on  oxide 

of  iron  may  be  considered  to  begin  at  a 

temperatore  of  about     400''F.C204°C.) 

2nd. — That  the  action  of  carbon  on  oxide  of  iron 

begins  at  a  temperature  of  about  ...  750°  F.  (S99° C.) 
Srd. — ^That  the  action  of  carboniTacid  on  metallic 

iron  begins  at  about      800°  F.  (426°  C.) 

4th. — That  the  action  of  carbonic  acid  on  carbon, 

aa  it  exists  in  hard  coke,  begins  at  about    1,600°  (816°  C.) 

A  diagram,  Plate  I.,  embracing  the  figures  just  given  is  inserted,  in 
•order  to  shew  at  one  view  the  gradually  increasing  temperatures  at 
which  the  four  reactions  just  described  take  effl&ct. 
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Let  ns  suppose  a  furnace  of  such  dimensions  that  the  gases  escape 
at  something^  above  1,500®  F.  (816^  C),  or  any  temperature  at  which 
carbonic  acid  quickly  dissolves  carbon  (CO*  +  C  =:  2C0).  In  such  a 
case,  if  carbonic  oxide  did  reduce  any  of  the  ore,  the  resulting  carbonic 
acid  would  be  subsequently  converted;  in  the  manner  already  described^ 
to  carbonic  oxide.  This,  as  we  have  seen,  would  in  all  respects^  b& 
the  same  in  calorific  eflPect,  as  if  the  carbon  itself  had  been  the 
reducing  agent.  If  on  the  other  hand  the  temperature  of  the  reducing 
zone  were  800®  F.  (426°  C),  then  any  carbonic  acid  in  the  mixed 
gases  would  have  a  tendency  partially  to  re-oxidize  the  metallic  iron,, 
or  prevent  the  reduction  of  the  ore;  and  would  thus  leave  carbon 
to  perform  the  task  of  reduction,  which  it  commences  to  do  at  750®  F» 
(899®  0.)  From  what  has  preceded  it  foUows  that  the  most  economical 
conditions  for  working  would  be  secured,  if  the  temperature  of  the 
entire  reducing  zone  did  not  exceed  that  point  where  the  reduction  of 
the  ore  would  be  exclusively  effected  by  means  of  carbonic  oxide,  with- 
out the  stability  of  the  resulting  carbonic  acid  being  affected  either 
by  metallic  iron  or  by  carbon. 

Such  lines  of  absolute  demarcation,  as  might  be  inferred  from  the 
four  reactions  just  described,  do  not  however  exist  in  reality.  A  portion 
of  the  oxide  of  iron  would  in  every  case  be  reduced,  without  the  result- 
ing carbonic  acid  having  time  to  return,  under  the  influence  of  the- 
carbon,  to  the  condition  of  carbonic  oxide;  or  the  temperature  might 
be  such  that  a  position  of  equilibrium  would  be  reached,  when  half^ 
a  quarter,  or  any  other  proportion  of  the  carbonic  acid  would  be  regularly 
acted  upon  by  the  highly  heated  carbon,  and  then  further  change  in 
this  respect  would  end. 

This  will  be  understood  by  a  reference  to  the  drawing.  Fig.  1,. 
Plate  II.,  which  represents  an  ideal  section  of  a  48  feet  furnace,  drawn 
to  a  scale  from  actual  observation  as  to  the  conditions  of  temperature. 
These  it  is  attempted  to  exhibit  by  the  mode  of  colouring;  the  intense 
heat  at  the  tuyeres  is  shewn  white,  and  passes  gradually  into  dull  red,, 
and  &om  this  to  black,  the  last  representing  the  absence  of  any  marked 
approach  to  incandescence.  In  such  a  furnace,  when  ore  is  shot  in  at 
the  top,  it  is  speedily  heated  to  a  point  where  deoxidation  seta 
in;  but,  long  before  this  is  completed,  the  partially  reduced  mineral 
has  reached  first  the  level  where  the  second,  then  where  the  thirds 
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and  finally  where  the  fonrth  of  the  four  aboye-named  reactions  begin 
to  take  effect. 

The  loss  which  resalts,  for  the  reasons  given,  from  the  action  of  the 
last  three  of  the  series,  is  not  all  the  injury  which  is  sustained  by  the 
&ultj  performance  of  such  a  furnace  as  that  in  question.  The  gases 
finally  escape  from  the  throat  at  a  very  elevated  temperature,  forming 
of  itaelf  a  very  serious  waste  of  heat  that  might  yet  do  useful  work, 
were  opportunity  afforded  to  it. 

Now  the  obvious  remedy,  for  this  last  mentioned  inconvenience  at  any 
rate,  would  be  an  addition  to  the  height  of  the  furnace;  by  which  means 
the  heated  gases,  passing  through  an  increased  height  of  column,  would 
have  a  better  opportunity  of  imparting  their  heat  to  the  incoming 
materials.  This  alteration  of  capacity,  however,  requires  to  be  very 
considerable,  owing  to  the  diminished  rate  at  which  the  gases,  as  they 
&11  in  temperature,  impart  their  sensible  heat  to  bodies  cooler  than 
themselves.  In  practice,  when  smelting  Cleveland  ironstone,  an  increase 
of  about  30  feet  to  the  height,  with  such  other  changes  in  dimensions 
as  raise  the  capacity  from  6,000  to  say  12,000  cubic  feet,  has  been 
found  sufficient  for  practical  purposes.  Such  a  furnace  is  represented 
Fig.  2,  Plate  II.,  drawn  also  to  scale.  In  it,  the  upper  pare,  shaded 
black,  will  be  observed  to  occupy  a  much  larger  area  than  in  the  case  of 
Fig.  1.  This  change  of  form,  as  may  be  easily  understood,  also 
permits  a  very  much  larger  proportion  of  the  ore  to  be  reduced  under 
the  first  of  the  four  reactions,  namely,  that  due  to  carbonic  oxide. 

The  results  obtained  by  this  mere  alteration  in  the  construction  of 
the  furnace  are  such  as  to  produce  a  saving  of  nearly  30  per  cent,  in 
the  fuel  employed.  This  important  reduction  in  the  expense  of  making 
pig  iron  is  due  partly  to  the  more  perfect  cooling  of  the  escaping  gases, 
and  partly  to  the  more  complete  oxidation  of  the  carbon  they  contain, 
as  may  be  ascertained  by  direct  observation. 

The  following  figures  indicate  the  composition  of  the  gases  as  they 
left  two  furnaces,  one  48  feet  and  the  other  80  feet  in  height: — 

OompoiitioQ  Funiftoe  of  48  feel.  Famaoe  of  80  feet, 

byweii^t.  P«rCent  PerOent  PerOent  Par  Cent. 

Nitrogen      ...    68  ...  ...  57 

Carbonic  acid      12  containing  carbon    8'27  18  contiuning  carbon    4*91 

Cbffbonic  oxide    80  do.  1285  25  do.  10*71 


100     Total  carbon      16*12        100      Total  carbon      1562 
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The  following  shews  the  heat  units  evolved  in  the  two  cases:— 

Furnace  of  48  feet  Fomeoe  of  80  feet. 

Oaloriee.       Pirta.  Oaloriet. 


Carbon  to  carb.  acid      8*27   x   8,000  -  26,160      4*91   x   8,000  -  39,280 
Carbon  to  carb.  oxide  12*85   x   2,400  -  30,840    10*71    x   2,400  -  25,704 


Total      ...     16-12  57,000    15*62  64,984 

Carried  off  in  100  parts  of  waste  gases        9,650  6,420 

Available  heat 47,350  68,564 

Hence  in  the  smaller!  ^^„„  .  ,«,«      ,  «/w.*f««eW  calories   per 

}  47,350-7-16*12  carbon  -  2,987  <  *^ 

famace  we  have  )  (  unit  of  carbon  burnt. 

In  larger  furnace  we  have  58,564-7-15*62  do.     *  3,749  do.        do. 

This  gives  a  pretty  dose  approximation  to  the  saving  of  fiiel  already 
mentioned,  viz.,  30  per  oent.^ 

Two  questions  suggest  themselves,  on  examining  the  figures  as  they 
are  set  forth  above: — 1st — ^is  it  not  possible  to  reduce  still  further  the 
loss  of  the  6,420  units,  equal  to  about  11  per  cent,  of  the  whole  heat 
evolved,  which  are  shewn  to  be  escaping  in  the  gases,  even  from  the 
larger  furnace?  and  2nd— cannot  the  proportion  of  the  carbon  existing 
in  the  gases  as  carbonic  add  be  increased,  and  thus  add  to  the  effidencj 
of  the  fuel  consumed?^ 

With  respect  to  the  first  of  these  two  suggestions,  the  subject  is 
one  to  which  much  attention  has  been  paid  during  the  course  of  my 
enquiries;  and  in  connection  with  which  too  little  regard  has,  in  some 
cases,  been  bestowed  on  the  scientific  considerations  affecting  the 
process.  As  soon  as  it  had  been  demonstrated  that  increasmg  the 
capadty  of  the  furnace  from  6,000  to  12,000  cubic  feet,  and  raising 
the  height  from  50  to  80  feet,  had  been  attended  with  so  marked  a 
saving  in  fuel,  it  was  expected,  not  perhaps  that  there  was  no  limit  to 
a  useful  enlargement,  but  that  the  dimensions  just  given  still 
permitted  a  much  tother  increase,  before  reaching  a  point  where  such 
increase  ceased  to  be  profitable.  Although  as  early  as  1869  I  had 
shewn  that  a  furnace  80  feet  high,  but  with  a  capacity  of  nearly  25,000 

'  At  present  the  heat  brought  into  the  account  by  the  hot  blast  is  neglected. 

'  It  may  also  be  remarked  that  the  temperature  of  the  escaping  gases  is  affected, 
more  or  less,  by  the  warmth  of  the  ironstone  as  drawn  from  the  calcining  kilns. 
This  applies  to  both  furnaces,  but  this  disturbing  circumstance  has  been  approxi- 
mately allowed  for. 
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<nibic  feet,^  emitted  its  gases  at  as  high  a  temperatare  as  one  of  half 
the  size,  this  did  not  prevent  fximaoes  being  built  with  a  height  of 
103  feet,  and  a  capacity  of  41,000  cable  feet,  the  object  stated  being 
a  further  economy  of  fuel.  A  mere  glance  at  a  diagram^  Plate  III., 
given  at  the  date  referred  to,  is  sufficient  to  shew,  from  the  direction 
of  the  curve  in  its  lower,  and  the  want  of  further  change  in  its  upper 
part,  how  improbable  it  was  that  any  benefit  in  the  consumption  of  fdel 
could  result  j&om  the  adoption  of  such  extraordinary  dimensions — ^so 
&r  at  least  as  a  more  perfect  cooling  of  the  gases  was  concerned. 

It  may  be  asked  whether  the  fact  that  the  cooler  materials  were 
thus  retained  so  much  longer  in  contact  with  the  heated  gases,  without 
reducing  the  temperature  of  the  latter,  might  not  have  been  occasioned 
by  the  larger  furnaces  being  driven  so  much  harder  than  the  smaller  as 
to  neutralise  any  advantage  they  might  otherwise  have  realized.  But 
the  veiy  reverse  was  the  fact,  as  I  demonstrated  at  the  time  by 
^quoting'  the  then  preformance  of  three  furnaces  of  various  dimensions, 
Atuate  at  the  Clarence  works,  as  compared  with  the  colossal  furnaces 
just  referred  to. 

The  figures  (to  which  I  have  now  added  those  of  a  fourth  Clarence 
furnace)  are  as  follows: — 

Ha  L  Ka  S.  Ko.  3L  Vo.  4.  Ka  5. 

FamMe— height        48  ft  80  ft  80  ft  80  ft  103  ft. 

Cnbic  capacity            6,000  12,000  16,000  26,500  41,000 

Weekly  make,  tons     220  260  350           560  550 

Weekly  make  per  1,000  feet  I  ^^  ^  ^3 
of  cabic  capacity,  tans     ) 

From  this  statement  it  will  be  perceived  that  the  make  of  the  last 
named  furnace  ought  to  have  been  close  on  900  tons  per  week,  in 
-order  to  give  a  result  equally  favourable,  in  point  of  production,  to 
thatafibrded  by  the  furnace  of  16,000  cubic  feet;  whereas  in  point  of 
fact  it  was  only  550  tons.  It  may  be  convenient  here  to  mention  that, 
whenever  it  has  been  attempted  to  bring  up  the  relative  production  of 
the  larger  furnaces  to  that  of  the  original  furnaces  of  6,000  cubic  feet, 
the  consumptiop  ^f^uel,  as  might  be  expected,  was  immediately 
4iQgmented. 

*  Development  of  heat  and  its  appropriation  in  f  amaces  of  diiferent  dimensions. 
Trani.  Iron  and  Steel  Institate,  1869. 

'  Limit  of  economy  of  fuel  in  the  Iron  Blast  Fnmace.  Transactions  of  Civil 
Sngineers,  1871-72,  Part  IL 
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The  attempts  quoted  having  proved  unsuccessful  in  lessening  the 
the  loss  of  heat,  owing  to  the  temperature  of  the  escaping  gases  failing 
to  fall  below  that  which  the  enlargement  to  12,000  cubic  feet  had 
effected,  it  occurred  to  me  that  the  chemical  action  which  took  place 
in  the  reducing  zone  might  be  of  a  heat-producing  character;  and  that 
to  raise  the  height  of  the  furnace  beyond  a  certain  point  merely  elevated 
this  zone  of  heat  evolution.  If  so,  its  distance  from  the  final  exit  of 
the  gases  would  remain  unaltered,  and  the  power  of  the  incoming- 
minerals  to  absorb  heat  irom  such  gases  would  not  be  increased. 

From  the  large  amount  of  heat,  evolved  by  the  generation  of 
carbonic  acid  in  the  reducing  zone,  has,  however,  to  be  deducted  that 
required  for  dissociating,  or  tearing  away,  the  oxygen  from  the  oxide 
of  iron.  Now  the  experiments  for  determining  the  heat  produced  by 
the  combinations  of  different  substances  are  of  a  very  delicate  nature^ 
and  it  was  difficult  to  say,  with  a  narrow  margin  to  work  on,  how  far 
any  calculation  respecting  the  estimated  balance  between  heat  gen- 
erated by  burning  carbonic  oxide  to  the  state  of  carbonic  acid,  and 
heat  absorbed  by  reducing  peroxide  of  iron,  might  be  affected  by 
experimental  error.  The  extent  of  the  margin  referred  to  was  known 
to  be  small,  because  the  investigations  of  the  best  authorities  went  to- 
show  that  the' heat  absorbed,  in  splitting  up,  or  reducing,  peroxide  of 
iron,  was  a  little  less,  but  only  a  little  less,  than  that  generated  by  the 
combination  of  oxygen  with  the  carbonic  oxide  used  to  effect  the 
dissociation. 

Under  such  circumstances  nothing  short  of  experiment  upon  the 
fiimace  itself  could  be  regarded  as  a  satisfactory  solution  of  the  problem  ^ 
and  this  I  conducted  in  the  following  way.  It  was  ascertained  that  a 
mixture  of  flints  and  blast  furnace  slag  had  as  nearly  as  possible  the 
same  specific  heat^  as  calcined  Cleveland  ironstone,  and  hence  that 
there  would  be  little  or  no  disappearance  of  sensible  heat  from  any 
difference  between  the  matericJs  in  this  respect.  The  rapidity  with 
which  the  mixture  absorbed  heat  also  corresponded  pretty  nearly  with 
that  of  the  ironstone.  The  temperature  of  the  upper  portion  of  the 
ftimace  was  of  course  far  below  that  required  to  fuse  such  materials  as 

*  That  is,  to  heat  up  the  same  weights  to  the  same  temperature,  the  same  quantity 
of  heat  was  absorbed  in  each  case.  This  consideration  b  of  importance,  for  the- 
dilEerence  in  some  kinds  of  material  is  very  great. 
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thofle  just  mentioned ;  bo  that  there  would  be  an  absence,  so  far  as 
they  were  conoemedy  of  all  chemical  action  likely  to  affect  the  tempera- 
ture of  the  gases,  and  these  would  therefore  be  simply  cooled  by  the 
lieat-abflorbing  properties  of  the  flints  and  slag. 

The  ironstone  was  then  withdrawn  from  the  charges  of  a  furnace, 
and  an  equal  weight  of  the  mixed  slag  and  flints  was  put  on  in  its 
Toom.  The  mean  temperature  of  the  gases  gradually  fell,  as  the  unre- 
duced oxide  remaining  in  the  furnace  lost  its  oxygen;  and  as  soon  as 
the  ore  was  all  deoxidized,  the  mean  temperature  remained  stationary. 
After  continuing  it  at  this  point  for  a  short  time,  the  use  of  the  slag 
and  flints  was  discontinued,  and  that  of  ironstone  resumed;  when  the 
temperature  of  the  gases  gradually  rose  until  it  reached  its  original  level. 

This  experiment  seems  conclusive  as  to  the  reducing  zone  being 
one  of  a  heat  producing  character,  and  that  in  consequence  there  was, 
as  I  supposed,  a  point  beyond  which,  for  the  reasons  ali'eady  given,  it 
was  useless  to  add  to  the  height  of  the  furnaces.  This  opinion  re- 
<%ived  confirmation  from  actual  experience  in  the  case  of  the  furnaces 
of  90  and  103  feet  in  height;  for  it  did  not  appear  thab  the  gases  left 
ihem  at  a  perceptibly  lower  mean  temperature  than  those'from  furnaces 
of  80  feet  in  height. 

The  other  alternative  alluded  to,  as  a  means  of  obtaining  from  the 
fuel  consumed  in  the  blast  furnace  an  increase  in  the  quantity  of  useful 
heat,  consisted  in  a  greater  degree  of  saturation  of  the  gases  by  oxygen. 
Any  addition  from  this  source,  however,  must  be  obtained  by  the  action 
of  the  gases  on  the  ore;  because  it  has  already  been  shewn  that  all 
which  the  atmospheric  oxygen  could  effect  was  the  conversion  of  the 
carbon  at  the  tuyeres  into  carbonic  oxide. 

With  a  view  to  supply  this  increased  quantity  of  oxygen  to  the 
burthen  of  a  furnace  in  good  working  order,  let  us  suppose  an 
additional  quantity  of  ore  to  be  added.  One  of  two  things  would 
happen:  either  the  carbonic  oxide,  by  its  combination  with  the  oxygen 
in  this  ore  to  form  carbonic  acid,  would  at  first  raise  the  temperature 
of  the  contents  of  the  furnace  in  the  reducing  zone,  or  else  the  carbonic 
oxide,  having  already  taken  up  as  much  oxygen  as  it  was  capable  of 
holding,  would  be  unable  to  act  further  on  a  fresh  supply  of  ore. 

Practically  the  effect  in  each  case  might  be  the  same.    In  the  first 
the  rise  in  temperature  would  intensify  the  action  of  the  carbonic  acid 


78  SECTION  V. — THE  BLAST  FURNAOB. 

in  the  gases,  as  explained  above  in  describing  the  four  reactions,  and 
would  thus  interfere  with  the  process  of  reduction.  The  result  of  this 
change  would  be  that  a  portion  of  the  ore  would  pass  down  through  the 
reducing  zone  with  a  part  of  its  oxygen  unexpelled:  this  part  would 
then  have  to  be  driven  oflf  either  by  solid  carbon,  or  if  by  carbonic 
oxide,  yet  under  such  conditions  that  the  resulting  carbonic  acid  by 
dissolving  carbon,  would,  immediately  revert  to  the  state  of  carbonic 
oxide.  If,  on  the  other  hand,  no  action  took  place  in  the  uppermost 
zone  between  the  carbonic  oxide  and  the  unreduced  ore,  owing  to  the 
inability  of  the  former  to  separate  a  further  quantity  of  oxygen  from 
the  oxide  of  iron,  this  separation  would  have  to  be  performed  by  solid 
carbon  under  precisely  the  same  unfavourable  conditions  as  those  just 
indicated. 

Allusion  has  been  made  to  the  power  of  carbonic  oxide  to  take  up 
oxygen  from  ore.  A  few  words  of  additional  explanation  on  this  im* 
portant  subject  appears  necessary  for  a  perfect  understanding  of  the 
nature  of  this  reaction,  for  virtually  it  is  the  key  to  the  discovery  of 
the  extent  to  which  economy  in  fuel  can  be  carried  in  smelting  iron. 

It  must  be  conceded  in  the  first  place,  that  it  is  quite  possible  to 
convert  carbonic  oxide  wholly  into  carbonic  acid  by  means  of  iron  ore; 
but  this  can  only  be  done  by  using  a  very  large  excess  of  the  latter. 
This  is  equivalent  to  our  supposing  that  in  reducing  peroxide  of  iron, 
the  oxygen  which  is  separated  at  first  is  less  firmly  held  by  the 
iron  than  those  portions  which  are  withdrawn  at  a  later  period  of  the 
process — a  supposition  which  experiment  and  observation  entirely 
confirm.  Those  who  may  wish  to  study  in  greater  detail  the  chemical 
reactions  of  the  furnace  are  referred  to  the  separate  Section  devoted  to 
this  particular  branch  of  the  subject:  here  it  may  be  stated  that  so 
tenaciously  is  the  last  portion  of  oxygen  retained  by  the  iron,  that  it  is 
believed  that  the  trace  of  that  metal  always  found  in  the  cinaer  is  due 
to  the  impossibility  of  effecting  an  absolutely  perfect  separation  of  all 
the  oxygen  from  its  combination  with  it. 

In  the  meantime  it  must  be  granted  that,  having  regard  to  the 
teiliperature  which  is  set  up  in  the  reducing  zone  of  the  fiimace,  and 
is  inseparable  from  it,  a  position  of  equilibrium  is  necessarily  established, 
when  the  carbon  as  carbonic  acid  bears  a  certain  proportion  to  the 
carbon  as  carbonic  oxide.    The  Qiaintenance  of  the  conditions  most 


SBCTIOX  V. — THE  BLAST  FURNACE.  79 

fiiYOnrable  for  satnratinfi:  the  carbonic  oxide  with  oxygen,  as  &r  as  the 
nature  of  the  action  peLts.  in  other  words  for  obtling  the  highest 
possible  percentage  of  carbonic  add  in  the  gases,  is  perhaps  a  difficult 
matter.  It  would  indeed  be  equally  difficult  to  determine  by  actual 
obfleryation  what  is  the  maximum  ratio  which  the  carbon  as  carbonic 
acid  can  bear  to  the  carbon  as  carbonic  oxide;  because  the  determination 
of  the  mean  amount  of  each  in  the  gases  is  not  without  a  certain  degree 
of  uncertainty,  owing  to  the  circumstance  that  these  amounts  are  con- 
stantly  varying,  according  to  the  time,  after  the  period  of  charging  fresh 
ore,  at  which  the  samples  are  taken.  Under  such  difficulties  as  those 
referred  to^  the  smelter  finds  it  best  to  allow  himself  a  little  margin  in 
the  fiiel  he  supplies  to  his  furnace ;  or,  what  amounts  to  the  same  thing, 
if  his  "burthen"  is  adjusted  with  the  view  of  producing  No.  8  iron,  he 
must  be  prepared  for  having  sometimes  a  higher  and  sometimes  a  lower 
quality  than  the  one  he  aims  at  obtaining. 

Were  it  required  to  name  a  limit  beyond  which  it  would  be  imprac- 
ticable, if  not  impossible,  to  carry  the  mean  saturation  with  oxygen 
of  the  gases  of  a  blast  furnace,  the  answer  probably  would  be — When 
the  two  compounds  of  carbon  and  oxygen  contain  an  equal  quantity  of 
oxygen.  This  happens  when,  out  of  three  equivalents  of  carbonic 
oxide,  one  has  been  converted  into  carbonic  acid,  leaving  the  remaining 
two  unchanged  (COg  +  2C0).  We  shall  however  see  later  that 
this  is  a  degree  of  oxidation  of  the  gases  rarely,  it  may  be  doubted 
indeed  if  ever,  attained  in  actual  practice — at  all  events  through  any 
considerable  length  of  time. 
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SECTION  VL 


ON  THE  USB  AND  THEOEF  OF  THB  HOT  BLAST. 

In  the  Section  immediately  preceding  the  present,  it  has  been  shewn 
that  the  heat  produced  in  a  blast  furnace  is  that  caused,  in  the  first 
place  by  burning  all  the  carbon  to  carbonic  oxide,  and  in  the  second 
place  by  converting  something  like  one-third  of  such  carbonic  oxide 
into  carbonic  acid.  Unavoidable  losses  of  the  heat  so  evolved,  are 
occasioned  by  some  minor  sources  of  escape  and  by  the  temperature 
at  which  the  gases  are  necessarily  permitted  to  leave  the  throat.  The 
balance  between  the  heat  evolved  and  the  heat  so  lost  is  what  is  actually 
4?xpended  in  the  operation  itself. 

If  the  heat  absorbed  by  the  general  requirements  of  a  furnace 
were  such  as  could  be  supplied  by  the  combustion  of  a  quantity  of 
fuel,  which  would  permit  the  gases  to  escape  fully  oxidized  and  cooled, 
so  far  as  is  shewn  in  the  last  Section  to  be  possible,  then  all  the  con- 
ditions necessary  for  a  complete  utilization  of  the  heating  power  of  the 
fuel,  consistent  with  the  nature  of  the  process,  would  have  been  secured. 
A  different  state  of  things  however  might  obtain.  A  proportion 
of  say  20  units  of  carbon  per  20  units  of  iron  made,  might  suffice  in 
the  furnace,  so  far  as  reduction  is  concerned,  supposing  a  little  above 
6  units  should  escape  as  carbonic  acid,  and  a  little  under  14  units  as 
carbonic  oxide;  but  the  heat  evolved  by  the  combustion  of  the  20 
units,  might  be  insufficient  to  melt  the  iron  and  slag,  and  provide 
for  other  minor  causes  of  absorption.  If  we  assume  that  24  units  of 
carbon,^burnt  -feo-oarbonic  oxide,  would  suffice  for  the  general  require- 
ments of  the  operation,  it  is  clear  we  might  add  the  heat  represented 
by  the  4  units  of  carbon  by  a  direct  introduction  of  heat  at  the  hearth, 
without  in  any  way  interfering  with  the  proper  relation  which  the 
carbonic  acid  and  carbonic  oxide  must  bear  to  each  other  in  the  zone 
of  reduction. 
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The  addition  of  this  heat  is  performed  by  means  of  the  hot  blast : 
in  other  words  the  chemical  composition  of  the  gases  is  still  retained, 
and  thej  possess  a  powerfully  reducing  action  on  oxide  of  iron,  while 
their  temperature  is  raised  by  the  amount  of  heat  which  is  com- 
mnnicated  to  the  air  employed  in  burning  the  fuel. 

This  important  discovery  was  originally  applied  by  Neilson  under 
sach  circumstances,  as  to  make  it  appear  that  the  heat  of  a  unit  of 
carbon,  burnt  outside  the  furnace  and  conveyed  into  the  hearth  by  the 
blast,  was  many  times  more  efficacious  than  that  of  a  unit  of  carbon 
burnt  in  the  interior.  This  appeared  the  more  marvellous  seeing  that, 
although  the  coal  consumed  at  the  hot  blast  pipes  was  fully  burnt,  «>. 
to  carbonic  acid,  yet  not  above  25  per  cent,  of  the  heat  it  produced 
actually  reached  the  tuyeres ;  the  remainder  being  lost  at  the  stove 
chimneys,  by  radiation,  etc.  Many  explanations  were  propounded  to 
account  for  the  seeming  anomaly;  but  with  these  we  need  not  trouble 
ourselves  at  any  great  length,  for  the  mode  of  action  of  the -hot  blast, 
is  not  as  it  appears  to  me,  in  reality  difficult  to  understand. 

Before  entering  upon  this  explanation,  it  may  be  well  to  dispose  of 
the  alleged  saving  of  3  tons  of  coal  per  ton  of  iron,  stated  as  having 
been  effected  at  Dunlop  and  Co.'s  works,  at  the  period  of  the  first 
introduction  of  the  use  of  heated  air  some  50  years  ago,  by  merely 
heating  the  blast  to  615^  F.  (824^  C.)  Commercially  no  doubt  this  was 
perfectly  correct;  scientifically  it  is  simply  misleading.  As  a  matter  of 
&ct  the  coke  used  in  smelting  the  ton  of  iron  at  the  Clyde  works  was 
reduced  from  60  to  40  cwts.,  the  excess  of  gain  beyond  this  being 
represented  by  the  wasteful  mode  of  coking  in  the  open  air,  and  by  a 
greater  consumption  at  the  steam  engines  due  to  the  smaller  make. 
Still  it  was  not  to  be  denied  that  a  saving  of  20  cwts.  of  coke,  by 
injecting  an  amount  of  heat,  contained  in  the  blast,  represented  by  the 
entire  quantity  capable  of  being  developed  out  of  2  or  3  cwts.  of  coal, 
was  sufficiently  astounding. 

The  French,  alive  then  as  they  are  now  to  the  importance  of  every 
improvement  in  iron  making,  sent  over  M.  Dufrenoy  to  ascertain  the 
trufli  of  the  recommendations  urged  in  favour  of  heating  the  blast;  and 
in  his  work,  published  in  1834,  he  mentions  the  circumstance  that,  while 
20  cwts.  of  coke  per  ton  of  iron  were  saved  in  Scotland,  only  18  cwts. 
appeared  to  be  the  saving  in  Wales.    Either  of  these  quantities  justified 
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its  introdaction  into  France,  which  laboured  under  the  disadvantage  of 
dear  fuel ;  but  great  must  have  been  the  surprise  of  the  owners  of  the 
Torteron  works  in  that  country,  when  they  found  their  saving  was 
only  6  cwts.,  or  about  half  of  the  lesser  quantity  just  named. 

Former  attempts  to  explain  the  action  of  the  hot  blast  were  chieflj 
based  on  some  supposed  difference  in  the  nature  of  the  oombustion, 
caused  by  the  preliminary  heating  of  the  air ;  but  I  have  been  unable 
to  find  any  analysis  of  the  gases  at  the  hearth,  undertaken  with  a  view 
to  determine  this  question.  The  actual  heat  itself,  delivered  into  the 
furnace  with  the  blast,  could  not,  I  apprehend,  be  expected  to  perform  a 
higher  rate  of  duty  than  that  obtained  from  any  other  source,  although 
this  effect  has  actually  been  claimed  as  a  consequence  of  Neilson's 
discovery. 

With  respect  to  the  three  figures  of  20,  Id,  and  6-  cwts.,  just  given 
as  the  respective  savings  of  fuel  in  Scotland,  Wales,  and  France,  it 
ought  to  be  mentioned  that  in  the  last  two  instances  the  actual  con- 
sumption of  fuel,  before  the  air  was  heated,  was  considerably  less  than 
what  it  waa  in  Scotland,  where  the  economy  in  fuel  effected  by  this 
means  was  the  greatest.  It  must  further  be  observed  that  this 
difference  in  the  quantity  of  fuel  consumed  was  independent  of  any 
difference  in  the  size  of  the  fiirnace,  or  in  the  richness  of  the  minerals 
in  use,  which  resembled  each  other  in  the  three  localities. 

In  the  last  Section  attention  was  drawn  to  the  importance  of  having 
the  reduction  of  the  ore  effected  by  carbonic  oxide,  for  reasons  which 
need  not  be  repeated ;  and  it  was  shown  how  this  end  was  promoted 
by  the  use  of  enlarged  furnaces.  Let  us  now  take  the  case  of  two 
furnaces  of  equal  capacity,  each  fed  with  a  different  kind  of  ironstone, 
and  driven  at  exactly  the  same  speed.  If  both  varieties  of  ore  lost 
their  oxygen  at  the  same  rate,  reduction  in  each  case  would  be  per- 
formed in  the  same  way,  so  iar  as  regards  its  being  effected  by  carbon 
or  carbonic  oxide.  If  on  the  other  hand  one  of  the  ores  were  much  less 
susceptible  than  the  other  to  the  influence  of  the  deoxidizing  agency  at 
work  in  the  higher  zone  of  the  furnace,  then  in  any  given  time  a  larger 
proportion  of  such  ore  would  descend  unreduced  into  that  region,  where 
reduction  would  necessarily  have  to  be  carried  on  by  solid  carbon,  and 
would  therefore  be  accompanied  by  a  waste  of  fuel,  in  the  manner 
already  explained. 
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In  further  illnstration  of  the  loss  arising  from  a  diminution  in  the 
quantity  of  carbon  escaping  as  carbonic  acid,  in  relation  to  the  iron 
produced,  let  us  assume  the  case  of  an  easily  reducible  ore,  the  heat 
requirements  of  which  may  be  estimated  at  96,000  calories  per  20  units 
of  pig  iron  produced. 

If  in  such  a  case  we  have  6  units  of  carbon  per  20  units  of  iron  in 
the  gases  as  carbonic  acid,  we  should  have : — 


These        6  nnits  of  carbon  x  8,000  calories        ...  ...     -  48;000 

Leaving  20     „        „  to  escape  as  carbonic  oxide,  burnt  I        ^q  f^f^ 

with  air  at  0°' C,  x  2,400  ...  f  *  *^"^ 

Total  26     „        „  making  together  the     96,000 

Included  in  these  96,000  calories  we  may  assume  12,000  to  be  carried 
off  in  the  escaping  gases. 

Let  us  now  suppose  that  another  variety  of  ore,  resembling  the 
previous  one  in  everything  but  in  readiness  with  which  it  parts  with  its 
oxygen,  to  be  treated  in  a  Aimace  of  the  same  capacity  as  that  used  in 
the  former  case.  As  a  consequence,  it  is  assumed  that  by  the  time  it 
is  half  reduced,  a  zone  of  the  furnace  is  reached  of  such  a  temperature 
that  carbonic  acid  is  immediately  decomposed  by  heated  carbon. 
Granting  that  we  have  now  only  3  units  of  carbon  per  20  units  of  pig 
iron  escaping  as  carbonic  acid,  the  account  will  stand  thus: — 

OalorifM. 
The  3  units  of  carbon  as  carbonic  acid  x  8,000         ...     -  24,000 

Leaving  30     „  „  „         oxide,  burnt  with  air  ] 

at  0°  C,  to  provide  the  V  -  72,000 
remainder  x  2,400  ...  ) 

Total  33     „  „        making 96,000 

The  difference,  viz.  7  units  of  carbon,  is  not  however  the  full 
measure  of  the  loss;  because  not  only,  as  will  presently  appear,  is  the 
volume  of  escaping  gas  much  lai^er  than  in  the  former  instance,  but  it 
is  carried  off  less  perfectly  cooled  than  took  place  when  smelting  the 
more  reducible  ore.  It  might  therefore  easily  happen  that  1 J  to  2  units 
of  fuel  might  disappear  in  this  way,  bringing  up  the  difference  to  nearly 
half  a  ton  of  coke  per  ton  of  iron — and  all  owing  to  there  being  a 
diminution  of  3  units  of  carbon  as  carbonic  acid  in  the  gases. 

The  correctness  of  this  surmise  respecting  differences  in  reductibility 
was  proved  by  a  series  of  experiments  on  artificially  prepared  oxides, 
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and  on  natural  ores;  the  fall  details  of  which  have  been  explained 
elsewhere.^  The  former  were  expressly  made  with  a  view  to  obtain 
substances  likely  to  be  reduced  with  varying  degrees  of  rapidity;  and 
among  other  trials  they  were  tested  to  see  if  there  were  any  differences 
in  the  temperature  at  which  reduction  by  carbonic  oxide  commenced 
on  different  specimens.    The  following  are  the  results  then  obtained:— 

Redaction  Marked 

Perceptible.  Action. 

Pare  precipitated  peroxide  of  iron  merely 

dried  285°  F.  (140°  C.)    300°  F.  (14flP  C.) 

Peroxide  from  calcined  nitrate  of  iron, 

much  more  compact  than  previous 

specimen       293°  F.  (146°  C.)    310°  F.  (154°  C) 

Peroxide  from  sulphate  of  iron,  calcined 

at  a  higher  temperature,  still  more 

compact        40r  F.  (208°  C.)    420^  P.  (215°  C.) 

Three  ores,  all  with  the  iron  in  the  state  of  peroxide,  were  afterwards 
enclosed  in  a  vessel  containing  pure  carbonic  oxide  and  maintained  for 
seven  hours  at  a  temperature  of  770°  F.  (410°  C.)  The  results  w^e 
as  under : — 

Per  Cent,  of 
Its  OrigiaAl  OzTgeoL 

Cleveland  calcined  ironstone  lost      20^ 

Spathose  calcined  ironstone  lost        28'4 

Raw  Lancashire  hematite  lost  57'4 

Such  variations  in  susceptibility  to  reduction  by  carbonic  oxide,  as 
those  just  enumerated,  justify  the  supposition  that  a  larger  quantity 
of  fuel  may  be  expended  in  smelting  Cleveland  than  is  consumed  in 
the  treatment  of  Lancashire  ore.  In  both  cases  the  furnace  employed 
is  regarded  as  having  the  same  capacity,  which  is  moreover  considered 
as  being  insufficient  for  economical  working.  In  the  furnace  working 
Cleveland  stone — the  less  reducible  of  the  two  ores — more  oxide  of  iron 
arrives  at  a  zone  where  deoxidation  is  effected  by  carbon,  thus  causing 
a  greater  waste  of  fuel  in  the  manner  already  described. 

In  what  way,  it  may  be  asked,  can  the  heating  of  the  blast  produce 
an  effect,  resembling  in  character  that  consequent  upon  an  enlargement 
of  the  furnace?  To  answer  this,  let  us  assume  that  in  a  furnace  of  the 
olden  type,  say  50  feet  high  and  containing  6,000  cubic  feet,  blown 

*  Chemical  Phenomena  of  Iron  Smelting. 


SECTION  VI. — ON  THE  USE  AND  THEORY  OF  THE  HOT  BLAST.    85 

with  air  at  82®  P.  (0*^  C),  85  cwts.  of  carbon  per  ton  of  iron  was 
burnt  at  the  tuyeres,  while  in  another^  driven  with  air  at  such  a  tem- 
perature that  15,000  heat  units  per  ton  of  iron  entered  the  furnace  with 
the  blast,  only  25  cwts.  of  carbon  was  consumed  in  the  heai*th. 

The  heat  development  in  the  cold  blast  furnace  at  the  tuyeres, 
when  carbonic  oxide  only  is  generated,  would  be  85  x  2,400  =  84,000 
units. 

OftlarieB. 
The  heat  devdopment,  also  at  the  tajeres,  with  hot  ur  is  25  x  2,400  «  60,000 
Add  heat  in  the  blast  15,000 


Total      75,000  units. 


But  the  volume  of  gas^  conveying  through  the  materials  the 
84,000  calories  produced  by  the  cold  air  is  40  per  cent,  larger  than 
ibat  which  is  the  vehicle  of  the  75,000  units  produced  by  the  hot  air. 

It  is  therefore  certain  that  the  retarded  rate,  at  which  the  gases 
must  pass  upwards  in  the  latter  instanoe,  will  enable  them  to  impai't 
a  larger  quantity  of  their  sensible  heat  to  the  cold  materials,  and  will 
afford  the  carbonic  oxide  a  correspondingly  longer  time  to  act  on  the 
ore,  than  can  be  the  case  with  the  larger  volume. 

All  doubt  as  to  the  correctness  of  this  explanation  may  be  regarded^ 
as  dispelled  by  the  experience  gained  at  a  work  belonging  to  Earl 
Granville,  by  whose  courtesy  and  that  of  his  then  manager  Mr.  Horton 
I  obtained  the  fullest  information.  At  the  tiimaces  there,  prolonged 
exposure  of  the  solids  to  the  gases  was  obtained,  not  by  diminishing 
the  volume  of  the  latter,  but  by  increasing  the  height  of  the  ftimace  to 
71  feet;  when  precisely  the  same  economy  of  fuel  was  obtained  with 
cold  blast  in  the  enlarged  furnaces,  as  if  heated  air  had  been  used  in 
those  of  the  older  type,  say  of  6,000  cubic  feet  capacity. 

The  figures  illustrating  the  results  obtained  by  the  use  of  furnaces 
of  different  dimensions,  and  by  the  use  of  hot  and  cold  air,  are  so 
pregnant  with  information  bearing  upon  the  present  question,  that 
they  deserve  to  be  repeated.  One  ton  of  metal  was  made,  at  the 
establishment  referred  to,  under  the  following  conditions: — 

OwtB.  of  Coke. 
Cold  blast  in  a  small  furnace,  of  say  50  feet,  with  about      ...    40i 

Hot  blast  in  a  smaU  furnace  )      ... 

n  ij  VI  -4.  •  1        J  *  (  ^^^'^  about        28i 

Cold  blast  in  an  enlarged  furnace  3 
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But  even  28^  cwts.  of  coke  represent  a  quantity  of  carbon,  in 
\7hich  there  is  so  great  an  excess  of  carbonic  oxide,  as  compared  with 
the  carbonic  acid  in  the  gases,  that  a  large  portion  of  carbon  may  be 
withdrawn,  and  heat  in  the  blast  substituted  in  its  room,  without 
injuriously  impairing  their  reducing  energy.  To  effect  this  however, 
the  reducing  gas  must  have  an  extension  of  time  to  perform  the  work, 
and  this  is  done  by  an  enlargement  of  the  hot  blast  furnace,  say  ta 
12,000  cubic  feet  capacity,  or  80  feet  in  height  instead  of  50  feet. 

Taking  the  coke  consumed  in  the  enlarged  cold  blast  furnace,  or 
28J  cwts.,  as  being  the  weight  required  to  furnish  the  needful  heat, 
when  burnt  with  cold  blast,  we  have  the  following  figures  illustrating 
the  use  of  heated  air . — 

Owte.      OwtB. 
Coke  required  in  an  enlarged  cold  blast  furnace,  per  ton  of  pig  28*250 

Prom  which  deduct— 
Heat  in  hot  blast,  represented  in  coke  burnt  to  carb.  oxide. ..    5*405^ 
Saving  in  heat  escaping  with  gases,  due  to  their  volume 

being  lessened,  represented  by  coke  burnt  to  carb.  oxide      '165 

6-570 


Leaving        22*680 


Now  this  weight,  viz.  22*68  cwts.,  is  a  very  common  weight  of  coke 
used  for  a  ton  of  iron,  in  a  hot  blast  furnace  of  the  above  description. 

Let  it  therefore  be  remembered  that,  in  two  of  the  cases  just 
described,  hot  air  and  increased  capacity  of  furnace  mean  one  and  the 
same  thing.  This  analogy  holds  good  under  circumstances  of  a 
different  order.  In  the  hot  blast  furnace  of  6,000  cubic  feet  capacity^ 
the  air  may  be  considered  as  having  been  heated  to  about  1,000*^  F. 
(538°  C);  but  when  the  temperature  was  raised,  by  means  of  fire  brick 
stoves,  to  about  1,400°  F.  (760°  C),  and  this  was  applied  to  a  furnace 
of  7,500  cubic  feet,  the  consumption  of  fuel  was  the  same  as  that  in  a 
furnace  of  about  11,500  cubic  feet  blown  with  air  at  1,000°  P.  (588°  C.) 

In  considering  the  application  of  the  hot  blast,  the  same  kind  of 
question  suggests  itself  as  that  which  presented  itself  upon  the  occasion 
of  dealing  with  the  capacity  of  the  furnace — ^viz.  to  what  point  wiU  it 
be  profitable  to  increase  the  temperature. 

*  This  assumes  about  12,000  heat  units  to  be  communicated  by  means  of  the  blast. 
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Mach  diversity  of  opinion  has  prevailed  with  respect  to  this  very 
interesting  problem.  Some  formerly  held  that  each  saccessive  addi- 
tion of  heat  woald  be  attended  with  the  same  saving  as  those  preceding 
it.  From  this  opinion  I  have  always  dissented,  for  reasons  which  we 
wiU  now  proceed  to  consider. 

The  reduction  of  the  ore  and  carbon  deposition  arising  from  dis- 
sociation of  carbonic  oxide  limit  the  carbon  escaping  as  carbonic  acid 
from  a  Cleveland  furnace  to  6'58  units  per  20  units  of  pig  iron.  The 
reason  why  any  reduction  in  this  quantity  is  attended  with  a  great 
loBs  of  heat  needs,  after  what  has  been  said,  no  further  explanation. 
If  however  we  have  to  accept  as  a  laW;  the  statement  that  it  is  im- 
possible to  have  more  than  one-third  of  the  carbon  in  the  escaping 
gases  fully  oxidized,  it  follows  that  we  must  have  twice  as  much  in  the 
form  of  the  lower  oxide,  making  in  all  therefore  19*74  units. 

The  actual  weight  of  coke  required  to  produce  the  result  just 
referred  to  is  obtained  as  follows : — 

Carbon  in  gases  as  carbonic  acid  6'58  and  as  carbonic  oxide  13*16  *       19*74 
Carbon  to  combine  with  the  iron         *60 


20d4 
Deduct  carbon  in  the  Umestone  say     1*54 


18-80 


This  weight  of  carbon  (18*80)  may  be  considered  as  equal  to  20*20 
of  coke.  It  rarely  happens,  though,  that  each  unit  of  carbon  as 
carbonic  acid  is  accompanied  with  less  than  2*2  units,  instead  of  20 
units,  as  carbonic  oxide.  Hence  to  preserve  the  full  equivalent  of  this 
metalloid  (6*58)  as  carbonic  acid,  14*47  units  must  be  present  as 
carbonic  oxide.  Taking  the  former  figure,  however,  the  actual  heat 
evolved  in  combustion  would  be  as  follows : — 

Bamt  to  carbonic  acid 6'68  x  8,000 ->  52,640 

Do.       carbonic  oxide 13*16 

Less  bamt  by  carbonic  acid  in  limestone      1'54 

11-62  X  2,400  «  27388 


Exclusive  of -60  in  iron 18*20  80,528 


Since  the  calories  required  amount  to  about  86,000,  this  leaves 
only  5,000  to  6,000  calories  to  be  supplied  by  the  blast. 


88     SECTION  VI. — ON  THE  USE  AND  THEORY  OF  THE  HOT  BLAST. 

Ab  a  fact,  however,  we  know  that  from  10,000  to  12,000  calories  are 
found  in  the  blast  of  the  Cleveland  furnaces,  working  under  what  may 
be  considered  the  most  favourable  average  conditions,  say  with  about 
20^  cwts.  of  coke;  and  this  is  due  to  the  fact  that  more  or  less  of  the 
carbonic  acid  (represented  by  6*58  units  of  carbon)  always  is  wanting. 
A  very  common  quantity  would  be  5*58  units;  which  means  a  deficiency 
of  5,600  calories,  corresponding  therefore  exactly  with  the  heat  in  the 
blast  as  commonly  used,  on  the  estimate  given  above.  When  we  come 
to  examine  the  sources  of  heat  in  these  two  cases,  assuming  86,000 
calories  as  having  to  be  provided,  we  have: — 

Unite.  Unite. 

Carbon  as  carbonic  acid ...  6*58  5*58 


By  oxidation  of  carbon,  calories       80,528    (     «gQQQ    (    74^928   i     og/w. 
In  hot  blast  do.  5,472   )         '  I     11,072    I         ' 

This  statement  is  intended  to  prove  that  if  the  carbon  fails  U> 
perform  its  full  theoretical  duty,  the  deficiency  in  the  instance  cited  is 
made  up  by  additional  heat  of  the  blast;  but  it  is  equally  true  that  the 
more  heat  contained  in  the  blast,  the  larger  must  be  the  quantity  of 
carbonic  acid  which  disappears  from  the  gases  per  20  units  of  iron 
made;  because  the  heat  so  conveyed  into  the  furnace  is  intended  to 
displace,  and  does  displace,  so  much  carbon  introduced  as  coke;  and  as 
the  tv^'o  oxides  of  carbon  have  to  be  maintained  in  certain  relations  to 
each  other,  it  is  obvious  that  we  cannot,  when  the  two  are  found  in 
these  relations,  alter  the  quantity  of  the  one  without  at  the  same  time 
producing  a  rateable  effect  on  the  other. 

In  order  to  show  the  manner  in  which  this  substitution  of  coke  bv 
hot  air  acts,  I  will  suppose  that  the  carbon,  actually  yielding  heat, 
is  an  integral  number  of  units  and  that  the  carbon  as  carbonic  acid  to 
that  as  carbonic  oxide  is  as  1  to  2,  and  that  there  are  also  required 
86,000  calories  per  20  units  of  iron  as  before.  In  the  last  column  is 
placed  the  temperature  the  blast  must  have  in  order  to  convey  the  heat 
not  provided  by  the  combustion  of  carbon: — 

Carbon      w..(»ht        Biuntto      Heat  Produced  by       Total         Blast  Temp,  of  Blast 

Burnt  by    ^^XT*     / s    ^ — ^       from  to  Total       , s 

BUust.       oiiiiast.     QQ^     QQ       QQ^  QQ        Carbon.    ProTide.       Heat.  0.  F. 

Deg.   Deg. 
18    104-3   6-00  12-00  48,000  28,800=76,800  9,200=86,000  372   701 

17    98-5   5-67  11-33  45,360  27,192  =  72,552  13,448  »=  86,000  576  1,069 

16    92-7   5-33  10-67  42,640  25.608  =  68,248  17,752 -=86.000  808  1,486 

15    86-9   5-00  lO'OO  40,000  24,000=64,000  22,000»86,000  1,068  1,954 
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In  reality,  however,  these  numbers  require  a  little  correctioD; 
hecaase  in  practice  the  proportions  of  carbon  as  carbonic  acid  to  carbon 
lis  carbonic  oxide,  instead  of  being  as  1  to  2,  more  commonly  are  as 
1  to  2*22  or  thereabouts.  With  this  correction  the  figures  would 
£tand  thus: — 

Waisfatof  Car-  Heat                                                                     Temp,  of  Blast, 

bopfumwhing  pxoduoedby  Blast  to                Total                <^—^       — — — s 

Heat.  CaiboiL  ProTide.                Heat.                 a                   F. 
Unita.                                                                                                   Des.               Deg. 

18  74^04  11,496            86,000            465              8t)9 

17  70,368  15,632  86,000  669  1,236 

16  66,232  19,768  86,000  900  1,652 

15  62,040  28,960  86,000         1,163  2,152 

In  the  opening  remarks  of  this  Section  it  was  mentioned,  in  the 
•event  of  24  cwts.  of  carbon  per  20  units  of  iron  being  burnt,  that  a 
■certain  portion  of  this  quantity  might  be  advantageously  replaced  by 
heat  in  the  blast.  By  this  was  meant  that  the  carbon  oxidized  being 
£till  in  sufficient  quantity  to  permit  the  full  amount  (6'58  units)  to  be 
retained  in  the  form  of  carbonic  acid,  no  heat  was  wasted  by  any 
action  between  other  portions  of  carbon  and  such  carbonic  acid. 

If  for  simplicity  of  calculation  we  assume  two  units  of  carbon  as 
carbonic  oxide  to  accompany  each  unit  as  carbonic  acid,  we  shall  have 
as  our  best  result  13*16  units  of  the  former  against  the  6*58  of  the 
latter,  making  in  all  19*74  units-  The  balance,  or  4*26  units  of  car- 
bon to  make  up  the  24,  can  be  supplied  by  means  of  the  hot  blast 
Avithout  lowering  the  normal  quantity  of  carbonic  acid  (6'68  of  carbon) 
in  the  gases. 

The  moment,  however,  that  the  carbon  in  the  gases  is  reduced  in 
quantity,  so  as  to  prevent  the  normal  amount  of  carbon  as  carbonic 
acid  (6-68  units)  from  holdiug  its  proper  proportion  (one-third  of  the 
whole),  the  carbonic  acid  partially  disappears,  so  as  still  to  retain  its 
original  proportion  of  the  one-third. 

The  change  involved  in  the  alteration  of  the  quantities  of  carbon, 
introduced  as  such  into  the  furnace,  will  be  easily  followed  by  an 
examination  of  the  circumstances  attending  the  combustion  of  the  18 
and  the  15  units  of  this  element  referred  to  in  page  88. 

There  is,  in  these  quantities,  a  loss  of  heat  on  every  20  units  of 
iron  represented  by  the  reduction  of  one  unit  of  carbon  in  the  state  of 
•carbonic  acid  to  that  of  carbonic  oxide ;  but  inasmuch  as,  in  each 
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case,  the  proportions  of  carbon  in  the  two  states  of  oxidation  remain 
the  same,  the  efficiency  of  each  unit  of  the  fuel  is  not  thereby  lowered* 
The  alteration  of  circumstances  in  question  therefore,  consists  in  a 
mere  substitution  of  heat  units  in  the  blast  for  heat  units  famished  by 
the  combustion  of  carbon  in  the  furnace. 

In  a  strictly  calorific  point  of  view,  the  actual  gain  by  the  use  of 
the  hotter  air — 1,068®  C.  (1,954®  F.) — ^were  it  possible  to  obtain  it  at 
this  temperature  would  be  as  follows : — 

a.  When  uaing  hlast  eontaining  9j200  calories : —  Carbon.     Unitt. 

Carbon  burnt  by  the  blast  18*00 

Blast  with  9,200  calories  obtained  by  combustion 

9  200 
of  fuel  in  stoves  to  carbonic  acid   qTvX^ 

equal  to  ...         ...         ...         ...         ...      1*15 

Add  15  96  the  assumed  difference  between  loss 
of  burning  carbon  in  blast  furnace  and  in 

Ol/vVwH      ■••  •••  ••■  '•••  •••  •«•  ^# 

—  1-33 

h.  When  uHng  hl€ut  eontaining  02 fiOO  calories : —  "~^ 

Carbon  burnt  by  the  blast  15*00 

22,000  calories  in  blast.    Carbon  got  as  before. 

22,000         ,  ^  -^- 

o/w\  eqmd  to  275 

Add    15  %    loss    arising   in  manner  formerly 

DMvvCU      •■■  ■•■  •*•  •«•  ••■  ■•■  V^ 

8*16 

18*16 

Strictly  speaking  some  small  allowance  must  be  made  in  favour  of 
the  superheated  air,  owing  to  the  diminished  volume  and  somewhat 
reduced  temperature  of  the  escaping  gases,  consequent  on  the  reduced 
quantity  of  carbon  burnt  by  the  blast,  and  the  smaller  quantity  of 
carbonic  acid,  per  20  units  of  iron,  which  is  generated  at  the  top  of 
the  furnace.  Approximately  we  may  therefore  regard  the  three  units 
of  carbon  saved  in  the  furnace  fuel,  to  be  the  result  of  two  units  con- 
sumed and  fully  oxidized  in  the  hot  air  apparatus,  instead  of  being 
partially  oxidized  as  they  would  be  in  the  furnace. 

When  we  compare  the  quantity  of  fiiel  burnt  either  way  the 
difiTerence  may  appear  not  very  large.  This,  however,  is  not  the  only 
consideration  which  determines  the  conduct  of  the  smelter,  who  is  solely 
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gnided  by  the  oommercial  aspects  of  the  qnestion.  The  fael  used  in 
heating  the  blast  is  the  gas  which  escapes  from  the  furnace,  which  in 
many,  indeed  in  most,  cases  would  be  wasted;  but  may  at  the  best  be 
valued  as  small  coal,  which  in  the  North  of  England  can  be  had  for 
threepence  per  cwt.  If  then  by  burning  two  cwts.  of  coal  worth  six- 
pence, or,  still  better,  by  burning  furnace  gas  costing  nothing,  three 
cwts.  of  coke,  worth  it  may  be  two  shillings,  could  be  saved,  a  great 
gain  would  arise  from  such  a  change. 

The  question  raised  a  few  pages  back  was  the  extent  to  which  the 
fuel,  actually  burnt  in  the  furnace,  could  be  lessened  by  a  correspondiug 
amoxmt  of  heat  being  communicated  to  the  blast. 

It  would  be  difficult  perhaps  to  predict  how  far  this  substitution 
could  be  carried,  in  face  of  the  principles  which  have  just  been  explained ; 
but  the  real  extent  is  of  less  consequence,  because  there  is  one  circum- 
stance which  will,  in  all  probability,  prove  an  effectual  barrier  to  much 
more  being  done  than  what  has  already  been  achieved. 

In  the  table  recently  given,  page  89,  the  temperatures  of  the  blast 
in  burning  different  quantities  of  carbon  were  as  follows : — 

Units  of  carbon  burnt       18        17        16        15 

Temperature,  degree  F 869   l|2d6   1,652   2,152 

Increase  over  preceding  quantity —      867^     416°     500^ 

The  nature  of  the  rise  of  temperature  in  the  air,  renders  it 
impossible,  as  may  be  easily  understood,  to  continue  the  increase 
farther;  because  no  apparatus  could  be  made  to  stand  the  wear  in- 
separable from  a  temperature  of  2,152°  F.,  this  being  close  to  the 
fusing  point  of  cast  iron. 

K  we  adopt  1,600°  to  1,700°  F.  as  a  practicable  point  to  be  attained, 
the  equivalent  consumption  in  coke  (using  about  12  units  of  limestone 
for  smelting  Cleveland  stone),  works  out  to  the  figures  given  below : — 

Units  of  carbon  per  20  units  of  pig  burnt  with  blast  at  1,652°  F. . . .    16*00 

Carbon  burnt  by  carbonic  acid  in  limestone         1*44 

Carbon  in  iron  ...        ...         ...        ...        ...        ...         ...        '60 


18*04 
Add  for  impurities  to  18*04  carbon  to  bring  it  to  coke,  say  7^ 

per  cent*  ...        ...         ...         •••        •••  ...      1*35 

19*39 
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It  must  not  be  supposed  that  this  weight  of  coke  is  unchangeable,  as 
it  is  susceptible  of  some  trifling  modification  arising  from  differences  in 
the  richness  of  the  ore  or  of  the  quantity  of  flux  required.  "With  this 
qualification  19^  cwts.  of  coke  may,  in  my  opinion,  be  accepted  as  the 
possible  limit  with  which  a  ton  of  Cleveland  foundry  iron  will  be  pro- 
duced, using  air  at  a  temperature  of  nearly  1,700°  F.  If  so  we  have 
a  gain  of  one  cwt.  of  fuel  or  thereabouts,  as  compared  with  the  case 
when  the  blast  is  only  heated  to  1,000°  F. 

In  connection  with  the  use  of  superheated  air,  there  are  certain 
considerations,  beyond  those  referred  to,  which  may  ultimately  lead  to 
its  large  extension.  The  difficulty  of  forcing  a  large  volume  of  blast 
through  a  very  lofty  column  of  solid  material  is  well  understood  by  the 
practical  smelter.  This  difficulty  has  been  notably  augmented  by  the 
use  of  the  higher  furnaces  now  almost  universally  adopted  in  the  North 
of  England.  The  resistance  to  the  passage  of  the  blast  did  not  prove 
however  to  be  greater  than  could  be  dealt  with,  at  the  time,  by  a 
trifling  addition  to  the  pressure  applied  by  the  blowing  engines. 

Of  late  years  the  demand  for  coke  for  iron  works  has  been  so  great, 
in  the  quarter  referred  to,  that  the  Durham  collieries  have  been  com- 
pelled to  use  inferior  seams  of  coal,  to  mix  with  the  best  in  their  ovens. 
Tills  change  has  not  been  followed  by  any  material  alteration  in  the 
purity  of  the  coke,  but  it  has,  it  is  thought,  considerably  altered  its 
ability  to  support  the  heavy  load  to  be  carried  in  a  furnace  75  or  80 
feet  in  height. 

In  some  cases,  as  in  the  anthracite  furnaces  of  the  United  States, 
increased  resistance  to  the  entry  of  the  blast  is  overcome  by  a  mere 
addition  to  the  pressure;  which  I  found  occasionally  to  be  as  high  as 
12  lbs.  and  even  more  on  the  square  inch.  It  may  be  that  similar  treat- 
ment might  prove  efficacious  in  the  North  of  England;  although  the 
limited  trials  which  have  been  made  in  this  direction  have  not  been 
very  encouraging. 

The  inconvenience,  attending  such  a  state  of  things  as  that  just 
mentioned,  no  doubt  gives  rise  to  irregularities  in  the  descent  of  the 
materials,  and  in  their  uniform  permeation  by  and  exposure  to  the 
j'educing  gases.  This  is  only  met  by  an  increased  consumption  of  coke, 
which  aggravates  the  evil  by  calling  for  a  corresponding  addition  to  the 
quantity  of  air  required  for  its  combustion.    These  remarks  point  to 


8BCTI0N  VI. — OS  THE  USB  AND  THEORY  OF  THE  HOT  BLAST.  93 

the  ezpediencj  of  diminishing  the  height  of  the  column,  through  which 
the  blast  has  to  be  forced;  and  this,  we  have  already  seen,  can  be 
accomplished  by  increasing  the  temperature  of  the  air.  It  is  almost 
superfluous^  however,  to  repeat  that  the  quantity  of  carbon  present  in 
the  furnace,  must  always  be  sufficient  to  maintain  a  reducing  action  in 
the  gas  produced  by  the  oxidation  of  the  fael  at  the  tuyeres.  It  is 
only  therefore  when  the  consumption  of  coke  notably  exceeds  the  limit 
supposed  to  be  essential  for  this  object,  that  the  use  of  superheated  air 
can  be  expected  to  be  beneficial,  to  any  great  extent,  in  saving  fiiel. 

The  use  of  superheated  air  will  be  referred  to  again  in  a  future 
Section,  which  will  be  reserved  for  the  subject  of  the  fuel  employed  in 
the  blast  furnace. 
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SECTION  VII. 


ON  THE  QUANTITY  AND  QUALITY  OF  THE  FUEL 
REQUIRED  IN  THE  BLAST  FURNACE,  USING  AIR 
OF  DIFFERENT  TEMPERATURES. 

In  Sections  V.  and  VI.  I  have  endeavoured  to  give  a  concise  account  of 
those  chemical  and  physical  laws,  which  are  concerned  in  the  reduction 
of  the  ore  and  the  fusion  of  the  products  in  the  blast  furnace.  In  the 
remaining  Sections  devoted  to  the  smelting  process,  these  laws,  at  the 
risk  of  some  repetition,  will  be  examined  with  greater  minuteness,  and 
at  the  same  time  some  further  explanation  will  be  given  of  the  nature 
of  the  experimental  researches  undertaken  during  the  course  of  my 
investigations. 

Some  confdsion  may  arise  in  considering  the  subject  of  this  Section, 
by  overlooking  the  very  diflferent  conditions  which  often  attend  the 
smelting  of  iron  from  different  kinds  of  ore.  It  is  not  meant  to  restrict 
the  observation  just  made  to  mere  richness  of  metal  contained  in  the 
mineral,  a  circumstance  to  which  undue  importance  may  easily  be 
given,  for  reasons  shortly  to  be  explained. 

We  have  already  seen  that  the  economy  effected  by  the  hot  blast 
was  by  no  means  of  an  uniform  character,  nor  did  the  advantages  de- 
rived from  the  enlargement  of  the  furnaces,  when  smelting  Cleveland  and 
some  other  ironstones,  always  attend  a  similar  alteration,  when  applied 
to  those  engaged  on  ores  of  a  different  kind.  In  these  last  mentioned 
cases,  the  difference  in  the  results  was  due  to  the  greater  or  less  facility 
with  which  the  ore  in  use  parted  with  its  oxygen.  But  if  two 
minerals  are  identical  in  their  facility  of  reduction,  but  one  is  poorer 
in  iron  than  the  other,  the  additional  fuel  required  is  that  which  is 
needed  for  melting  the  additional  quantity  of  slag,  and  for  providing 
for  some  minor  sources  of  heat  absorption.  The  reducing  power  of  the 
gases  must  always  be  maintained,  and  is  regulated  therefore  by  the 
actual  quantity  of  iron  to  be  reduced.  Pig  metal  however,  as  is  well 
known,  is  not  only  impure  iron,  but  the  impurity  it  contains  varies  in 
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juaoont  according  to  its  origin  or  its  mode  of  manufacture.  Such 
foreign  matters  as  silicon,  phosphorus^  and  some  others,  are,  like  the  iron 
itself,  reduced  from  a  state  of  chemical  combination,  for  which  reduc- 
tion, heat  and  carbon  are  indispensable:  hence  it  may  well  happen 
that  similar  quantities  of  pig  may  require  somewhat  varying  measures 
■of  heat,  etc.,  and  therefore  of  fuel,  for  their  treatment  in  the  blast 
furnace. 

The  desirability  of  knowing  the  actual  quantity  of  heat,  necessary 
for  producing  a  given  quantity  of  pig  iron,  is  obvious ;  and  thanks  to 
scientific  research,  we  have  at  our  command  such  information,  of  a 
sufficiently  exact  nature  for  our  present  purpose. 

The  following  table  is  an  estimate  of  the  number  of  calories,  or  heat 
units,  supposed  to  be  required  for  smelting  Cleveland  ii*on  of  average 
oomposition,  including  certain  sources  of  waste  which  may  be  regarded 
as  inseparable  from  the  operation.  The  quantity  of  iron  taken  as  a 
basis  of  calculation  is  20  kilogranmies,  which  permits  of  a  ready  com- 
parison with  20  cwts.,  the  familiar  weight  to  the  mind  of  an  English 
manufacturer : — 


Evaporation  of  the  water  in  the  coke, 
estimated  at 

Bednction  of    18*60  kilogrammes   of 
iron  from  state  of  peroxide 

Carhon  impregnation 

Expulsion  of  carbonic  acid  (CO,)  from 
limestone   ... 

Decomposition  of  carbonic  acid  from 
limestone  to  CO 

Decomposition  of  water  in  blast 

Reduction    of    phosphoric    acid,    sul- 
phnric  acid,  and  silica,  estimated  at 

Fusion  of  pig  iron      

Fusion  of  slag 


Kilogrammes. 


•58  X 

18-60  X 

•60  X 

1100  X 

1'32  carbon       x 
*05  hydrogen  x 


20-00 
27-92 


X 

X 


Total  units  usefully  applied 

Transmission  through  walls  of  furnace       ...         

Carried  off  in  tuyere  water 

Expansion  of  blast,  escape  into  foundations,  etc.,  supposed 


Carried  oif  in  escaping  gases  from  a  modern  furnace 


Calories. 
540 

1,780 
2,400 

370 

3,200 
34,000 

■  •  ■ 

330 
650 

•  •  • 

3,600 
1,800 
8,389 


Calories. 
313 

33,108 
1,440 

4,070 

4,224 
1,700 

3.500 

6,600 

15,356 

70,311 


8.789 

79,100 
7,900 


87,000 
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It  ought  to  be  observed  that  this  estimate  is  framed  on  the  sup- 
position that  the  ji^ade  of  the  metal  produced  is  No.  8  foundry  iron^ 
It  is  necessary  to  bear  this  in  mind,  because,  as  is  well  known  to  iron 
smelters,  the  richer,  as  it  is  termed,  is  the  quality  of  the  iron,  the 
larger  is  the  consumption  of  the  fuel  required  in  its  production;  thus, 
that  more  coke  is  needed  to  run  No.  1  than  to  make  other  numbers, 
or  white  iron,  is  universally  recognised. 

Accepting  the  figures  given  above  as  a  basis  of  calculation,  and  ad- 
mitting the  possibility  of  so  oxidizing  the  carbon  of  our  fuel,  that  we 
shall  have  in  the  gases  one  unit  of  this  element  escaping  as  carbonic 
acid,  and  two  as  carbonic  oxide — which  is  the  greatest  extent  to  which 
we  may  assume  it  possible  to  oxidize  the  carbon  as  a  whole — ^we  can 
easily  compute  the  coke  required  for  the  process. 

The    heat    evolved  by  one    unit  of  carbon  so  burnt  will  be 

1    X    8,000  +  2   X   2,400  ,  „^^       ,    .  ^  ^       ^ 
=   4,266   calones.      Coke  of  average 

quality  may  be  regarded  as  containing,  of  earthy  and  volatile  matter 
about  10  per  cent,  of  its  weight:  hence  the  actual  heat  units  evolved, 
per  unit  of  coke,  will  be  something  like  3,840.  The  quantity  of  heat 
in  the  blast  raised  to  a  temperature  of  about  540^  0.  (1,004^  P.),  per 
20  units  of  iron,  may  be  calculated  at  12,000  units:  we  have  there- 
fore :--87,000  (total  absorption)  less  12,000  (heat  in  blMt)  =  75,000. 
as  the  heat  units  to  be  provided  by  the  coke;  and  fo;000  -f-  8,840 
(heat  units  evolved  per  unit  of  coke)  =  19*53  as  the  units  of  coke  per 
20  units  of  metal,  or  in  other  words  as  the  number  of  cwts.  of  coke  per 
ton  of  pig  iron.  Speaking  from  my  own  observation,  I  deem  it  doubt- 
ful whether  Cleveland  iron  has  ever  been  made  continuously  for  any 
length  of  time  with  quite  so  low  a  rate  of  consumption  of  coke  as  that 
just  named.  At  the  same  time  the  approximation  is  sufficiently  close 
to  what  has  been  occasionally  achieved,  to  afford  strong  evidence  in 
favour  of  the  general  correctness  of  the  figures  quoted  for  the  various 
items  of  heat  absorption. 

Actual  experience  of  the  performance  of  two  of  the  Clarence  furnaces, 
both  smelting  Cleveland  ironstone,  but  under  very  different  conditions 
owing  to  the  difference  of  the  capacity  of  the  furnaces,  point  also  to 
the  truth  of  the  statement  just  given.^ 

'  Further  particulars  are  given  in  Sec.  XXVIII.,  "  Cbemical  Phenomena  of  Iron 
Smelting." 
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SUMMARY  OP  WORKING  OF  TWO  CLARENCE  FURNACES. 

COKPABIBON  OF  80  AlTD  48  FBBT  FURNACES. 

Height  of  famace  in  feet         

Capacity  in  cubic  feet 

Materials  used — coke  per  ton  of  iron 

Calcined  ironstone    do.  do.  

Limestone  do.  do.  

Wdght  of  blast  per  ton  of  iron  

Do.      escaping  gases        

Temperature  of  blast,  Centigrade       

Do.  escaping  gases  

Heat  units  evolved  by  oxidation  of  fuel,  as  it| 

was  actually  effected  in  the  two  examples) 
Heat  units  as  contained  in  the  two  different ) 

quantities  of  blast  used         ) 

Heat  units  carried  off  in  the  two  different^ 

weights  of  escaping  gases     j 

Heat  units  absorbed  in  furnace  work 

Difference  between  the  two  ...        d/)10  calories. 

The  difference  between  the  two  sets  of  figures  arises  from  the 
additional  limestone  used  in  the  48  feet  furnace,  which  required  about 
1,700  calories  for  the  chemical  changes  it  underwent,  and  for  the  fusion 
of  the  increase  of  slag  occasioned  by  its  use.  This  reduces  the  dis- 
crepancy to  about  1,300  units,  or  about  1*5  per  cent,  on  the  entire 
calculation — a  difference  not  in  excess  of  what,  from  the  nature  of 
the  case,  might  have  been  expected.  In  the  example  taken  for  esti- 
mating the  theoretical  minimum  of  fuel,  there  is  still  less  combustible, 
and  therefore  less  ash  to  deal  with,  than  in  the  two  examples  just  gWen; 
hence  less  limestone  is  required.    In  like  manner  the  reduced  quantity 

*  The  heat  contained  in  the  escaping  gases  is  estimated  as  follows : — 


80 

48 

11,500 

6,000 

22-32  cwts.  28*92  cwts. 

48*80 

„     4880    „ 

18-66 

„     1600    „ 

103-74 

„   12812    „ 

138-66 

„   lVO-59    „ 

485'' 

485** 

832** 

452** 

81,536 

89,288 

11,919 

14,726 

93,455 

104,014 

8360' 

16,409 

84,595 

87,605 

Weight  of  gases  138-66  x  332**  C.  X    24  SH 
Less  estimated  heat  communicated  bj  hot  ironstone 


Latent  heat  of  *58  units  steam  x  540 


Units. 
11,043 
2,496 

8.547 
813 

8,860 
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of  coke  diminishes  the  yolome  of  blast  required  for  its  combnstioDy  and 
diminishes  at  the  same  time  the  weight  of  escaping  gases.  In  this  way 
the  amount  of  heat  carried  away  by  the  gaaes  is  also  lessened.  The 
sum  of  these  differences  is  about  3>800  units  in  favour  of  the  calculation 
setting  forth  the  theoretical  minimum.  Placed  in  a  tabular  form,  with 
allowance  added  or  subtracted,  as  may  be  required,  we  have  the  following 
figures  representing  the  heat  units  per  20  kilogrammes  of  pig  iron, 
smelted  from  Cleveland  stone,  in  the  three  given  cases : — 

A.  B.  C. 

(    Suppoaed 

Character  of  furnace  80  feet.       48feet.-<    minlmain 

^  ooosumption. 

Units  of  fuel  consumed  per  20  units  of  pig...      22*32  28*92  19*58 

Oxidation  of  fwl —  Heatttnits.    HeatnnitB.    Heatnnita. 

Carbon  to  carbonic  oxide  evolves  ...     45,024        58,656        42,000 

Carbonic  oxide  to  carbonic  acid  evolves...    36,512        30,632        33,000 


Blast  estimated  to  contain 

Carried  off  in  escaping  gases 

Utilized  in  furnace  

Deduct  in  case  of  B,  to  bring  down  to 

standard  of  A  for  more  flux  used,  etc. 
Add  in  case  of  C,  to  bring  up  to  standard 

of  A  for  less  flux  used  at  C,  etc. 


In  the  foregoing  estimate  of  the  minimum  quantity  of  heat  required 
for  smelting  a  ton  of  Cleveland  iron,  under  the  circumstances  described, 
it  has  been  assumed  that  gases  of  a  given  composition  and  temperature, 
as  they  leave  the  furnace,  cease  to  have  any  useful  power  in  deoxidizing 
iron.  Not  only  were  numerous  experiments  made  to  determine  what 
may  be  considered  as  the  practical  point  of  saturation  of  pure  carbonic 
oxide  by  oxygen,  when  applied  as  a  reducing  agent  to  oxide  of  iron; 
but  actual  trials  were  conducted,  by  exposing  Cleveland  calcined  ore 
to  the  gases  as  they  left  one  of  the  large  Clarence  furnaces  (25,400 
cubic  feet  capacity).  Upon  one  occasion  the  deoxidizing  power  of  the 
escaping  gas  was  so  very  nearly  exhausted,  that  during  a  period  of  24 
hours  only  8-72  per  cent,  of  the  original  oxygen,  in  the  oxide  of  iron 
exposed,  was  withdrawn;  and  on  another  occasion,  during  an  exposure 


81,536 
11,919 

89,288 
14,726 

75,000 
12,000 

93.455 
8,860 

104,014 
16,409 

87,000 
7,900 

84k595 

■  •  a 
•  ■  • 

87,605 
1,700 

•  ■  ■ 

79,100 

•  « ■ 

3,800 

84,595 

85,905 

82,900 
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of  48  honrSy  the  weight  of  oxygen  removed  was  only  5"71  per  cent,  of 
its  original  amount.  It  will  be  recollected  that  the  neutral  point  was 
supposed  to  be  reached,  when  in  the  mixed  gases  one  part  by  weight 
of  the  carbon  was  converted  into  carbonic  acid,  leaving  two  as  carbonic 
oxide.  Speaking  volumetrically,  this  position  of  saturation  is  considered 
as  attained  when  50  volumes  of  the  former  gas  (CO^)  are  accompanied 
by  100  volumes  of  the  latter  (CO).  Now  as  a  &ct  45  volumes  of 
carbonic  add  per  100  of  carbonic  oxide  was  the  maximum  percentage 
found  in  over  14  analyses,  made  during  the  trials  in  question.  Further 
the  fact  that  the  weight  of  oxygen  in  the  two  gases,  when  in  the  pro- 
portion just  named,  viz.  one  of  COa  to  two  of  CO,  is  the  same,  renders 
it  yet  more  probable  that  it  constitutes  a  neutral  position  as  regards 
further  absorption  of  this  element. 

If  such  a  limit  as  that  just  described  exists,  and  if,  as  has  been  shown, 
the  chemical  action  in  the  upper  zone  of  the  furnace,  from  its  proximity 
and  position  in  relation  to  the  exit  of  the  gases,  determines  the  tem- 
perature of  those  gases,  it  is  clear  that  the  full  heating  power  of  the  fuel 
suffers  a  diminution  by  the  existence  of  natural  laws. 

The  assertion  that  the  theoretical  limit  previously  named,  i.e,  19'53 
cwts.  per  ton  of  iron,  is  only  under  exceptional  circumstances,  per- 
sistently attained  in  Cleveland,  will  be  generally  accepted  by  the  iron 
manufacturers  of  that  locality;  and  it  is  not  difficult  to  understand 
why  this  should  be  the  case. 

Let  us  imagine  a  blast  furnace  of  the  most  approved  dimensions, 
in  which  instead  of  permitting  the  entire  volume  of  the  intensely 
heated  reducing  gas,  carbonic  oxide,  to  ascend  to  the  level  of  the 
<^harging  plates,  one  half  of  this  was  withdrawn  by  an  aperture  made  in 
the  lower  part  of  the  structure.  Dealing  only  with  the  carbon  gases, 
with  which  alone  we  are  concerned  in  the  present  Argument,  such 
withdrawal  would  amount  to  taking  50  volumes  out  of  150  of  the  two 
gases  taken  together,  and  would  leave,  in  the  remaining  100  volumes, 
the  acid  and  oxide  of  carbon  (CO,  and  CO)  in  equal  volumes,  instead 
of  in  the  ratio  of  1  to  2,  the  limit  to  which  saturation  with  oxygen  is 
supposed  capable  of  being  carried.  To  make  amends  for  such  distur- 
bance, something  like  8  to  10  cwts.  of  coke,  for  each  ton  of  iron,  would 
have  to  be  added,  in  order  to  restore  the  50  volumes  of  carbonic  oxide 
thus  abstracted. 
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Such  a  mode  of  procedure  as  the  escape  of  one  half  of  the  reducing  gas, 
in  exactly  the  manner  supposed,  of  course  never  occurs  in  practice,  but 
disturbances  may  be  occasioned  by  other  causes,  such  as  a  faulty  method 
of  introducing  the  materials,  etc.  The  first  furnaces  under  my  control 
were  so  constructed,  that  all  the  charges  were  thrown  in  at  one  opening,, 
over  the  back  tuyere;  the  result  being  that  all  the  coarser  pieces  in 
point  of  size  rolled  to  the  front.  The  interior  thus  became  divided 
vertically  into  two  compartments;  through  the  more  open  one  of  these 
the  greater  portion  of  the  gases  rushed  with  great  rapidity,  while  they 
ascended  through  the  other  with  great  difficulty,  and  of  course  in 
smaller  quantity,  owing  to  the  compactness  with  which  the  finer  por- 
tions of  the  charge  filled  it.  In  the  former  case  they  escaped  into  the 
air  having  only  imperfectly  discharged  their  proper  duty,  while  in  the 
latter,  owing  to  their  deficient  quantity,  the  oxide  of  iron  reached  such 
a  level  in  the  furnace  that  reduction  was  only  imperfectly  effected,  or 
was  effected  exclusively  by  solid  carbon  instead  of  by  carbonic  oxide, 
or  at  aU  events  without  the  formation  of  carbonic  acid.  A  mere- 
alteration  in  the  method  of  charging — using  four  doors  instead  of 
one — by  which  the  inconvenience  referred  to  was  in  a  great  measure  if 
not  entirely  avoided,  was  followed  by  a  saving  of  10  or  12  cwts.  of 
coke  on  every  ton  of  metal,  with  an  increased  daily  production  of  iron 
amounting  to  from  80  to  40  per  cent.  This  is  quoted  as  an  extreme 
case;  but  in  ordinary  practice  derangements  similar  in  principle  but 
smaller  in  extent  may  and  do  take  place  in  a  furnace  of  the  most  perfect 
construction,  and  sometimes  in  spite  of  the  most  active  supervision^ 
In  such  cases,  or  by  the  occurrence  of  scaffoldings  as  they  are  termed,  a 
more  ready  exit  is  afforded  to  the  gases;  and  they  thus  leave  the  struc* 
ture  before  they  have  time  to  warm  up  the  materials,  and  before  they 
have  absorbed  the  full  equivalent  of  oxygen  they  are  capable  of  holding. 

There  are  many  conditions  known  to  famace  managers,  which,  if 
present  in  sufficient  force,  are  invariably  followed  by  derangements  in 
the  working  of  a  blast  furnace.  Irregularities  in  charging,  or  the 
arrival  of  a  large  quantity  of  mineral  in  a  state  of  fine  mechanical 
division,  giving  rise  to  an  interruption  in  the  uniform  upward  fiow  of 
the  gases,  are  among  the  most  common  of  these  evils. 

Conspicuous  among  the  conditions  alluded  to,  at  all  events  in  the 
Cleveland  district,  is  the  quality  of  the  coke.    Freedom  from  ash,  of 
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course,  is  at  all  times  a  desideratum.  Not  only  does  the  presence  of 
earthy  impurity  diminish  pro  tanto  the  amount  of  carbon  in  the  ftiel,  but 
it  demands  the  addition  of  limestone  for  its  fusion.  More  heat,  and 
therefore  more  fuel,  has  to  be  provided,  on  account  of  the  addition  of 
carbonic  acid  brought  by  the  flux  into  the  furnace,  and  also  on  account 
of  the  larger  weight  of  slag  which  has  to  be  fused. 

The  mechanical  texture,  however,  of  the  coke  is  perhaps  more 
important  in  the  eyes  of  furnace  managers  than  any  trifling  increase  in 
the  percentage  of  ash.  The  combustible  most  in  favour  with  these 
officials  is  that  variety  of  coke  which  is  distinguished  by  hardness, 
ahnost  metaUic  lustre,  and  power  of  resisting  a  crushing  load:  while 
the  lowest  in  their  estimation  is  the  soft,  dark-coloured,  and  easily 
pulverized  variety  known  as  hlack  ends. 

The  prejudicial  effect  of  such  coke  as  this  may  be  twofold.  In  the 
first  place  it  may  crumble  down  under  the  weight  of  the  superincum- 
bent load  of  a  lofty  column  of  material,  and  thus  occasion  that  diversion 
of  the  current  of  gases  already  explained.  If  the  belief  of  competent 
practical  men  of  large  experience  is  worth  anything — and  I  myself 
place  much  value  upon  it — this  constitutes  at  least  one  of  the  objec- 
tions to  friable  coke;  and  they  allege  in  proof  that  the  inconvenience 
attadiing  to  its  use  has  been  intensified  since  the  introduction  of  lofty 
furnaces,  in  which  the  crushing  of  the  softer  material  would  be  in- 
creased by  the  additional  weight  it  has  to  sustain.  The  second  defect 
is  one  of  a  purely  chemical  character.  The  inconvenience  of  having 
the  coke  acted  on  by  the  carbonic  acid,  produced  by  reduction  of  the 
ore,  has  been  already  explained,  on  page  72.  It  has  also  been  shown 
in  Section  V.  that  this  action  begins  with  good  coke  at  about  1,600° 
F.  (815°  C).  But  experiment  in  the  laboratory,  as  well  as  observa- 
tion on  the  action  of  the  gases  at  the  furnace  itself,  led  me  to  the  con- 
clusion that  the  soft  black  coke,  objected  to  by  furnace  managers,  is 
affected  by  carbonic  acid  at  about  800°  F.  (427°  C.)  This  would 
mean,,  at  any  rate  in  low  fomaoes,  the  existence  of  a  zone,  near  the 
top,  where  the  materials  reach  a  region  of  elevated  temperature,  and 
where  the  carbonic  add,  generated  by  deoxidation  of  the  ore,  is  being 
reduced  to  the  state  of  carbonic  oxide  by  dissolving  carbon. 

Having  regard  however  to  the  fact  that  our  ftimace  managers  are  so 
aTerse  to  the  use  of  soft  coke,  I  was  anxious  to  make  the  question  one  of 
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actual  trial  in  the  blast  furnace  itself;  and  this  was  carried  ont  at  the 
Wear  Works,  on  a  furnace  having  a  capacity  of  17,500  cubic  feet.  The 
Yolumetric  percentage  of  carbonic  acid  in  the  gases  was  as  follows : — 


Time.  Bemarks.  of  COb  in 

the  whole. 

{Soon  after  charsinff  an  ordinary  ronnd  of  coke,   ironstone^ "^ 
...  "^  "^  [107 

and  lime  ...         ...         ...         ...         ...         ...         ... } 

12*30     /  After  charging,  the  carbonic  acid  gradnally  rises  as  the  action  j  11*7~ 

12'60     }     on  the  ore  progresses.    At  the  same  time  it  is  under  the  >  13 

ri2     '      nsiial  average )  12*& 

J  Temperature  of  gases  about  982°  P.  (500°  C.)      Charged) 

(     52  cwts.  of  coke  ( 

1*45        Here  the  effect  of  the  carbon  in  splitting  up  CO,  is  evident  4*3 

!An  increase  of  carbonic  acid  is  now  observable,  probably  due  ^ 

to  those  portions  of  the  coke  most  easUy  attacked  by  CO,  >  13-0 

having  been  previously  carried  off ) 

2*80        Volumes  of  carbonic  acid  emitted        11*9 

2*56  n  n      (temperature  of  gases  rising)  ...  21*0 

3*20     r Carbonic  acid  declining,  probably  owing  to  reduction  of  ore")  12*0 

3*40     \     having  been  now  largely  effected;  the  first  portions  of  the  >  15*3 

4*5       (    oxygen  being  the  most  readily  removed      J  12-1 

In  regard  to  the  temperature  at  which  carbonic  acid  begins  to  act  on 
coke,  the  above  experiment  does  not  afiPord  any  precise  information. 
After  introducing  the  coke,  the  temperature  of  the  lower  part  of  the 
charge  would  rise  rapidly.  In  the  laboratory  it  did  not  appear  that 
the  action  was  very  marked  till  about  1,200®  P.  (649®  C.)  As  an 
evidence,  however,  of  the  difference  of  susceptibility  of  different  kinds 
of  coke  to  be  acted  on  by  carbonic  acid,  the  results  are  given  of  several 
trials,  recently  made  in  the  Clarence  Laboratory  on  specimens  from 
two  different  collieries — the  one  being  of  known  inferiority  to  the 
other.  The  specimens  were  exposed,  side  by  side,  for  different  periods 
of  time,  at  a  temperature  of  about  1,500°  P.  (815°  C.) 

Peroentace  of  Loas.  Ratio  of 


Exposare. 

A 

better  qaaU 

Itj.    B,  aeoond  qi 

iiaUty.    A'  to  & 

2  hours. 

A  verage  of  3  samples,  A  and  B   . 

.    10J)7 

...       2-257 

...     100    205 

4      „ 

If                    O            •«                           tf                 • 

.    1*903 

...      3767 

...     100    198 

«      „ 

..                     2             ••                             M 

.    2*904 

...      5*646 

...     100    194 

8      ., 

Jf             1         »»                  »»           • 

.    3*893 

...       7*801 
Average 

...     100    200 
...     100    199 
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These  trials  therefore  indicate  that,  while  a  ton  of  coke  in  the  case 
^f  A  would  in  \  hours  lose  '778  cwta.,  the  waste  on  B  would  be  equal 
to  1*560  cwts. 

A  second  series  gave  the  following  results: — 

Peroentace  of  Loaa.  Batio  of 

Ezpoaaxe.  A,  better  quality.    B,  leooDd  quality.    A  to  B 


2  hours. 

Average  of  2  namples,  A  and  B 

...      -758 

2-274     . 

.     100 

800 

i      „ 

»          i>       »i              » 

...    1-356 

3152     . 

.     100 

238 

6      „ 

»>                    »t             M                           It 

...   2-674 

5-766     . 

.     100 

215 

8       „ 

>»              M         jff                   n 

...   3-892 

7-802     . 
Lveraire 

.     100 
.     100 

200 
237 

Both  sets  of  figures  indicate  that  the  better  quality  of  coke  con- 
tinned  at  the  end  of  eight  hours  less  susceptible  to  the  action  of  hot 
carbonic  acid  than  the  other  with  which  it  was  compared. 

There  are  other  circumstances  connected  with  the  quality  of  coke, 
besides  the  presence  of  ash  and  proneness  to  be  acted  on  by  carbonic 
addy  which  demand  attention.  Conspicuous  among  these  are  the 
occurrence  of  sulphar,  usually  in  the  form  of  sulphide  of  iron,  of 
Yolatile  matter  &om  imperfect  coking,  and  of  oxygen. 

It  is  a  fact  well  known  to  founders  that  the  use  of  coke  in  the 
capola,  containing  an  excess  of  sulphur  tends  to  harden  the  iron  in  the 
process  of  melting.  Speaking  in  general  terms  it  seems  probable,  that 
the  presence  of  this  element  interferes,  in  some  way,  with  the  separ- 
ation of  carbon  in  the  graphitic  state,  a  condition  which  appears 
essential  to  the  formation  of  soft  iron. 

In  the  blast  furnace  this  lowering  of  the  quality  of  the  metal,  by 
the  action  of  salphur,  is  sought  to  be  counteracted  by  the  use  of  an 
additional  quantity  of  lime  beyond  that  absolutely  required  for  the 
poipose  of  a  flux.  This  increased  weight  of  carbonate  of  lime  and  the 
probable  necessity  of  keeping  the  furnace,  when  using  coke  rich  in 
sulphur,  at  a  higher  temperature,  is  the  cause  of  an  increased  consump- 
tion of  coke. 

To  elevation  of  temperature  has  to  be  ascribed  those  differences  in 
the  working  of  a  blast  furnace,  which  constitute  the  condition  required 
for  the  production  of  rich  iron;  hence  anything  tending  to  harden  or 
lower  the  quality  of  the  metal  has  to  be  met  by  an  influence  of  a  con- 


104  SECTION  YII. — ^FUEL  REQUIRED  IN  BLAST  FURNACE. 

trary  character,  such  as  that  called  into  play  by  a  more  liberal  use  of 
fuel.  Besides  such  effect  as  that  conseqaent  npon  a  mere  increase  in 
the  temperature  at  the  tuyeres,  I  am  inclined  to  think,  for  reasons  to 
be  given  in  the  next  Section,  that  the  hotter  the  iron  is,  the  weaker  is 
the  affinity  between  it  and  the  metalloid  in  question. 

Confining  the  observation  to  the  produce  of  the  Durham  coal-field, 
the  purest  samples  of  coke  contain  only  '5  per  cent,  of  sulphur  while  the 
most  impure  may  have  three  times  this  quantity  of  the  objectionable 
element.  A  very  usual  content  of  sulphur  in  the  fiiel  consumed  at  the 
Middlesbro'  furnaces  will  be  about  1  per  cent. 

It  rarely,  if  indeed  it  ever,  happens  in  practice  that  a  small  portion 
of  those  volatile  substances  existing  in  raw  coal  is  not  left,  unexpelled 
by  the  process  of  coking.  That  variety  already  spoken  of  as  blade 
ends  contains  most  of  the  volatile  matter  referred  to,  and  at  the  same 
time  from  their  porous  nature  they  absorb  and  retain  a  much  greater 
quantity  of  water,  used  in  quenching,  than  coke  of  a  denser  character. 

The  facts  just  given  are  set  forth  in  the  analyses  of  specimens  from 
the  collieries  which  supply  the  Clarence  works : — 


No. 

Carbon. 

Hydrogen. 

Oxygen  and 
Azote. 

Sulphur 
and  Aah. 

Moisture. 

1 

..     91-28 

-30 

•70 

7-62 

•20 

100 

2 

..     91-22 

-23 

1-29 

6-86 

•40 

100 

3 

..     76-41 

2-41 

316 

7-92 

1010 

100 

4 

..     92-98 

•30 

2-11 

4-61 

•  •  • 

100 

No.  1. — Selected  hard  pieces  from  Browne j  pit. 
„    2. — ^Average  produce  from  do. 

„    3. — Black  ends  from  do. 

„    4. — ^Average  produce  from  South  Brancepeth  pit. 

Two  specimens  brought  from  Belgium  gave  the  following  results  in 
the  Clarence  laboratory : — 


Na 

0. 

H. 

0.  andAz. 

8.  and  Aiih. 

1 

..    80-85 

•51 

213 

16-61 

dry 

100 

2 

..     8406 

•31 

-24 

15-39 

dry 

100 

In  the  six  samples,  of  which  analyses  have  been  given,  the  heating 
power  of  the  coke  in  the  blast  furnace  may  be  said  to  approach  very 
closely  to  that  represented  by  the  first  column  of  figures,  viz.  the 


0. 

H. 

0.  and  Ax. 

S.  and  Aflh. 

88-487 

•737 

6-467 

10-309  dry 

100 

84-360 

•187 

6-303 

9160    „ 

100 

85-060 

•860 

7-680 

6-400    „ 

100 
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carbon  they  contain.  I  would  however  call  attention  to  certain 
analyses,  contained  in  a  recent  work  by  Dr.  F.  Muck,  of  Bochunij^  in 
which  the  oxygen  and  assote  in  one  case  reach  7*68  per  cent. 

2.  ... 

3.  ... 

No8. 1  and  2  are  from  the  Buhr  district.    No.  3  is  from  an  English  coal. 

In  these  last  three  examples  we  have  not  only  a  deficient  amount 
of  carbon,  but  we  have  a  portion  of  it — the  heat  producing  element — 
already  united  to  a  considerable  quantity  of  oxygen  by  which  its  calorific 
powers  is  materially  diminished. 

Mr.  I.  Parry's  researches  on  the  gases  given  off  by  coke  heated  ta 
i^aeuo,  point  to  the  probability  that  all  the  oxygen  found  in  coke 
esrapes  in  combination  with  carbon  and  not  with  hydrogen.  In  one 
experiment  he  obtained  a  gaseous  mixture  consisting  of 

2CH^  -  22H  -  23CO  -  63CO,  -  100 

Hi  h 

According  to  this  analysis  three-fourths  of  the  carbon  present  is 
folly  oxidized  and  therefore  incapable  of  affording  any  service  in  the 
blast  furnace. 

If  we  apply  this  composition  of  gases  to  the  analysis  of  No.  8  in 
the  last  of  the  series,  it  would  mean  that  with  the  oxygen  and  hydrogen 
3'6  per  cent,  of  carbon  would  be  volatilized  bringing  the  total  matter 
driven  off  to  12-14  per  cent.  (-860  +  7*680  +  8-600).  This  would 
only  leave,  even  neglecting  the  probable  action  of  the  carbonic  acid  on 
carbon,  only  81*46  to  arrive  before  the  tuyeres.  Besides  this  deprecia- 
tion in  available  value  some  allowance  has  to  be  made  for  the  heat 
absorbed  in  expelling  the  volatilized  matter,  so  that  about  6  per  cent, 
of  the  total  value  of  the  coke  is  sacrificed  in  the  case  just  referred  to. 

We  may  assume  that  19*58  cwts.  represent  the  theoretical  weight 
of  coke,  of  average  good  quality,  required  to  make  a  ton  of  No.  3 
Cleveland  iron ;  and  it  has  often  happened  that  for  periods  of  some 
weeks  an  addition  of  5  per  cent,  to  this  quantity,  making  20*50  cwts., 
has  sufficed  for  keeping  a  furnace  pretty  steadily  on  good  grey  iron. 

'  Grundzlige  und  Ziele  der  Steinkohlen-Chemie. 


-T>  7  /^ 
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This  extra  allowance  of  fdel  affords  a  margin  to  provide  against  those 
minor  sources  of  derangement  recently  spoken  of.  The  result  is  not  a 
perfectly  uniform  rate  of  working;  but  the  furnace  so  treated  makes, 
when  the  conditions  are  all  favourable,  a  somewhat  superior  quality  of 
iron  to  No.  8 ;  while  on  the  other  hand,  if  any  unfavourable  dream- 
stance  intervenes  to  impair  the  general  heat  development,  and  its 
appropriation,  the  effect  is  manifested,  not  necessarily  in  an  increase  in 
the  fuel  consumed,  but  in  a  lowering  of  the  grade  of  the  metal. 

Adopting  87,000  units  as  the  quantity  of  heat  needed  for  smelting  20 
units  of  iron  from  Cleveland  stone,  we  have  seen  that  this  amount  of  heat 
is  capable  of  being  obtained  by  burning  19*53  cwts.  of  coke  with  air  al 
540®  C.  (1,004°  P.)  For  the  performance  of  this  duty,  however,  a  pro- 
per saturation  of  the  gases  by  oxygen  is  required;  while  their  escape 
from  the  furnace  must  be  delayed  until  they  have  communicated  to  the 
solids  all  the  sensible  heat  they  are  capable  of  imparting.  We  have 
seen  however  that  variations  in  the  quality  of  the  coke,  and  other 
disturbing  causes,  have  rendered  it  difficult  to  produce  a  ton  of  Cleveland 
iron  with  so  low  a  quantity  as  20  cwts.,  or  even  more,  of  good  coke. 
Now  that  other  than  the  best  seam  of  coal  (the  Brockwell)  is  used  by 
coke  makers  in  the  County  of  Durham,  22|  to  28  cwts.  of  coke  per  ton 
of  iron  is  considered  as  not  an  uncommon  result. 

Such  a  proportion  of  carbon  to  the  work  to  be  performed  leaves 
of  course  in  the  escaping  gases  a  considerable  excess  of  carbonic  oxide, 
88  compared  with  carbonic  acid,  over  and  above  that  shown  to  be 
practicable.  An  examination  was  made  of  a  furnace  using  22*97  cwts, 
of  coke  with  the  following  results: — 

OaloriM. 
^  The  requirements  for  the  furnace  work  ascertained 

by  a  similar  mode  of  computation  to  that  already 

given  were  found  to  be  for  20  units  of  iron    . . .  70,788 

Waste  by  transmission  through  walls,  by  heat  in 

tuyere  water,  etc.,  etc 8,957 

Heat  in  escaping  gases,  after  allowing  for  that 

contained  in  the  warm  ironstone         8,055 


17,012 


Total  calories  required 87,800 

This  heat  was  derived  as  follows: — 

The  actual  carbon  in  the  coke  was  estimated  at  20*91  units.   Of  this 
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1*30  unitB  was  oxidized  by  the  carbonic  acid  in  the  limestone,  leaving 
19*61  to  be  burnt  by  the  blast;  and  this  was  bnmt  in  the  following 
XQonner: — 

Units.        OaloriM.       Oaloriet. 

To  the  state  of  carbonic  oxide 14-38   x   2,400  «  34,512 

Do.  carbonic  acid 5*23   x   8,000  »  41340 


19-61  76352 

Leaving  the  remainder  to  be  bronght  in  bj  the  blast, 

viz.  96*99  nnits  heated  to  abont  498  C.  (928  F.)      ...       11,448 

87,800 


It  may  be  mentioned  chat  the  calcnlations  showing  the  heat 
requirements  and  the  heat  production  corresponded  so  nearly,  as  to 
oonfirm  entirely  the  general  truth  of  the  two  sides  of  the  account. 

According  to  the  composition  of  the  gases,  as  given  above,  it  will 
be  perceived  that,  instead  of  carbon  as  carbonic  acid  to  carbon  as 
carbonic  oxide  bearing  anything  like  the  proportion  of  1  to  2,  the  ratio 
is  1  to  3*24  :^  in  other  words,  there  is  a  considerable  and  an  unnecessary 
excess  of  carbonic  oxide.  Further,  the  carbon  in  the  gases  as  carbonic 
acid  only  funounted  to  5*28  per  20  units  of  iron. 

The  preceding  calculations  in  respect  to  the  consumption  of  coke 
are  founded  on  the  heat  required  for  smelting  Cleveland  ironstone,  when 
QfiiDg  the  blast  at  such  temperatures  as  are  within  the  power  of  stoves 
in  which  the  air  passes  through  pipes  of  cast  iron.  Gradually  the 
form  of  apparatus  known  as  Cowper's,  or  the  modified  form  of  this 
principle  introduced  by  my  late  friend  Mr.  Thomas  Whitwell,  is  finding 
increased  favour  among  iron  smelters.  In  these  the  blast,  as  is  well 
known,  is  charged  with  heat  by  contact  with  intensely  heated 
Borfaces  of  fire  brick.  I  propose  now  to  consider  to  what  extent  and 
under  what  circumstances  air  heated  to  1,400°  to  1,600°  F.  (760°  and 
871°  C),  instead  of  about  1,000°  F.  (537°  C),  is  likely  to  be  reaUy 
beneficial  in  the  blast  furnace. 

On  referring  to  an  opportunity  afforded  me  of  examining  the 
working  of  two  fomaces  blown  with  this  superheated  air,  I  find  the 
following  results.  One  of  the  two,  which  I  will  distinguish  by  the 
letter  A,  had  a  capacity  equal  to  some  of  the  larger  Clarence  furnaces, 
uid  wasreceiving  its  blast  at  a  temperature  of  854°  to  888°,  or  an  average 

'  That  is,  5*23  out  of  2221. 
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of  871°  C.  (1,600''  F.)  The  other,  which  I  will  call  B,  was  blown  with 
air  at  786°  to  819°,  or  an  average  of  777°  C.  (1,430°  F.);  but  it  had 
a  capacity  more  than  60  per  cent,  above  that  of  A.  The  temperature 
of  the  escaping  gases  from  A  was  264°  C.  (507°  F.),  and  of  those  from  B 
222°  C.  (43-1°  F.)  Now  although  A  was  thus  being  supplied  with 
blast  94°  C.  (169°  F.)  hotter  than  B,  the  consumption  of  fuel  was 
about  20  per  cent,  more  in  the  case  of  A  (the  smaller  furnace),  than 
in  the  case  of  B.  Such  a  state  of  things  might  not  unreasonably  lead 
to  the  inference  that  the  excess  of  fuel  per  ton  of  iron  in  the  case  of 
A  was  due  to  its  want  of  capacity. 

Before  proceeding  to  consider  the  justice  of  such  a  supposition,  let 
us  examine  the  performance  of  the  furnace  B,  in  order  to  compare  it 
with  that  of  furnace  A.  This  is  desirable;  for,  as  far  as  consumption 
of  fuel  is  concerned,  the  larger  furnace  B  will  be  found  to  afford  a  &ir 
approach  to  what  I  have  considered  the  utmost  limit  of  economy.  To 
do  this  the  figures  representing  the  work  of  the  two  furnaces  are 
placed  side  by  side: — 

roguiremeDta. 
FomjMieB. 


Estimate  of  Heat : 
FumaoeA. 
Unite. 


Calories  calculated  as  heretofore  as  osefally 
employed  in  the  work      74,674 

Waste  bj  transmission,  in  gases  and  in 
tuyere  water,  loss  at  foundations,  etc.,  etc.    13,751 


Total  calories 


88,425 


UnhB. 


78,987 


11.472 


85,469 


The  heat  was  produced  as  under  : — 

Pamaoe  A. 
Burning  of  carbon  in  coke  per  20  units  of 
Iron  to  carbonic  acid: — 

Furnace  A  4-76  units  x  8,000 38,060 

Do.      B  5-62  units  x  8,000 — 

Burning  of  carbon  to  carb.  oxide  including 
heat  brought  in  by  blast         55,481 


93,561 


FornaoeB. 


44,960 
40,598 
85,558 


Thus  while  B  exhibits  a  close  correspondence  between  the  two 
sides  of  the  account,  A  shows  the  reverse,  leading  to  the  belief  that  in 
it  the  coke  consumed  must  be  somewhat  overstated. 


Tnmaoe  A. 

FunuMieB. 

Unita. 

Unlta. 

9317 

80*48 

180-54 

11261 

871**  C. 

777**  C. 

264**  C. 

222°  C. 
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The  weights  of  the  blast  upon  this  occasion 

were  respectively  per  20  units  of  iron  . . . 

The  escaping  gases  amounted  to  respec* 

vXV^SA  Y  •••  *••  ••«  ••■  •■• 

The  average  temperature  of  the  blast  was. . .     871**  C. 
The  temperature  of  the  escaping  gases 
Weekly  make  per  1,000  cubic  feet  of  fur- 
nace space 24:}^  tons.  15  tons. 

In  addition  to  the  carbon  ftimished  by  the  coke,  there  was  that 
bronght  in  by  the  limestone,  so  that  the  total  carbon  in  the  gases 
was: — 

Am  As  Ratio  of  Osrbon  m  Oxide 

Carbonio  Add.      Carbraiie  Oxide,     to  one  m  Oarbonio  Add. 

Furnace  A        ...        4*76        ...        17*64        ...        870 
Do.     B        ...        6-62        ...        12-80        ...        2*27 

I  am  not  in  a  position  to  name  the  actual  consumption  of  coke 
pa*  ton  of  iron  in  these  cases;  but  I  will  adopt  the  plan  which  has 
been  recently  applied  to  such  calculations  as  the  present,  viz.,  that  of 
estimating  the  weight  of  carbon,  per  20  units  of  iron,  from  the  com- 
position of  the  gases.  Although  liable  to  a  little  fluctuation,  when 
compared  with  the  coke  computed  to  be  consumed,  according  to  the 
charges  used,  this  plan  will  hereafter  be  seen  to  afford  a  tolerably  fair 
^proximation  to  the  truth :  and  it  may  be  observed  that  in  fact  it  is 
a  little  difficult  to  say,  with  any  great  precision,  what  weight  of  carbon 
is  actually  delivered  to  a  blast  furnace,  remembering  the  somewhat 
rough  practice  observed  at  large  iron  works,  and  the  varying  com- 
position of  the  coke  itself,  the  impurity  of  which  in  South  Durham 
varies  from  7^  to  10  per  cent. 

According  to  the  formula  which  has  been  adopted,  it  would  appear  that 
the  average  consumption  of  carbon  as  coke  on  every  20  units  of  iron,  in 
the  two  visits  over  which  my  observations  extend,  was  as  under : — 

Famace  A.  FomaoeB. 

Units  of  carbon 20*79  18*61 

If  to  these  numbers  we  add  7^  per  cent,  for 

the  ash,  water,  etc.,  in  the  coke,  we  have          1*55  1*28 

For  the  weight  of  coke  used  per  20  units  of  iron    22*34  19'89 

Whether  these  figures  represent  the  actual  consumption  of  coke  is 
unimportant,  because  the  difference  between  the  two  sets  of  numbers 


110  SECTION  YIL^FUEL  BEQUIBED  IN  BLAST  FUSNACE. 

will  serve  quite  well  to  illnstrate  the  argument  I  wiflh  to  found  upon 
the  analyses  of  the  gases. 

With  regard  to  the  performance  of  A,  the  lesser  fimiaoe,  it  cannot 
be  maintained,  either  as  a  matter  of  capacity  or  of  heat  of  blast,  that 
there  is  here  any  want  of  power.  This  opinion  is  founded  on  the  feet 
that  there  are  at  the  Clarence  Works  furnaces  very  little  more  than 
half  the  size  of  A,  doing  20  per  cent,  more  work  per  1,000  cubic  feet 
of  capacity,  and  blown  with  air  at  a  little  above  1,000°  F.  (538°  C);  and 
these  furnaces  are  consuming  very  much  less  coke  than  A  was  doing. 

a 

The  action  of  one  of  the  furnaces  just  referred  to  proves  bo 
unmistakably  the  correctness  of  the  views  just  laid  down,  that  I  have 
expressly  had  a  set  of  careful  observations  made  on  its  mode  of  working 
to  serve  as  a  medium  of  comparison. 

It  was,  according  to  the  Charging  Book,  consuming,  per  20  units 
of  iron,  calcined  ironstone  46*20  units,  coke  20*40  units,  limestone 
9*88  units.  The  temperature  of  the  blast  was  663°  C.  (1,045°  P.),  and 
that  of  the  escaping  gases  262^  C.  (503^  F.) 

The  heat  evolved  was  estimated  as  follows: — 

Unita. 
Coke  20*4,  less  ash,  etc.  1*63  •»  carbon 18'77 

Carbon  in  limestone,  carrying  off  an  equal  weight  from  coke  ...        1'12 
Leaving  to  be  burnt  by  blast        17*65 


Analyses  of  the  gases  proved  the  carbon  to  be  oxidized  in  the  fol- 
lowing way : — 

OftlorieiL 

6*48  units  as  carbonic  acid     x  8,000  ...         «  43,840 

12'17        ,1        carbonic  oxide   x  2,400  ...         »  29,208 

17-65  73,048 

The  blast  weighed  87*87  units,  heated  to  563°  C.  »  11,724 

Total  evolved      84,772 


These  figures  corresponded  very  closely  with  the  heat  requirements, 
estimated  in  the  way  ab^ady  described  in  these  pages. 

The  ratio  of  carbon  as  cai*bonic  acid  to  carbon  as  carbonic  oxide  is 
as  1  to  2*22;  and  the  coke,  calculated  from  the  quantity  of  carbon 
contained  in  the  gases,  works  out  to  20*49,  which  is  an  extremely 
dose  correspondence  with  the  estimated  consumption,  viz. :  20*40  cwts. 
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The  figures  showing  the  results  of  the  two  furnaces  in  question 
therefore  stand  thus: — 

Olarenoe  Fnroace— 
Foniftoe  A.  40  par  cent.  letB 

cai»acity  than  A. 

Temperature  of  blast     853°  C.  (1,567^  F.)    563°  C.  (1,045°  F.) 

Temperature  of  escaping  gases...      264°  C.(   507°  F.)    262°  C.(   504°  F.) 
Hake  per  week  per  1,000  cubic  ft.     24i  tons  80  tons 
Proportion  of  carbon  as  carbonic 
oxide  to  one  of  carbon  as  car- 
bonic acid        3-70                          2-22 

Carbon  in  gases  and  in  20  units 
pig  iron  as  f umisbed  bj  coke, 
estimated    by    formula    from 

their  composition        20*79  units  18*85  units 

Carbon  furnished  by  coke  as  esti* 
mated  from  charging  book    ...  —  18*77  units 

The  waste  of  fuel  consequent  upon  irregular  passage  and  distribution 
of  the  reducing  gases  has  been  akeady  adverted  to.  If,  however,  the 
furnace  A  were  working  under  such  unfavourable  conditions  as 
those  previously  alluded  to,  there  is  no  reason  why  carbonic  acid  once 
formed  should  not  escape  as  such.  The  ratio  of  carbon  as  carbonic 
oxide  to  carbon  as  carbonic  acid  would  of  course  be  disturbed,  owing 
to  the  excessive  quantity  of  coke  used  in  the  case  of  furnace  A ;  because, 
since  the  generation  of  carbonic  acid  is  limited  by  the  oxygen  separated 
from  the  ore  in  the  process  of  reduction,  all  such  excess  of  carbon  must 
find  its  way  out  of  the  furnace  as  carbonic  oxide. 

This  however  constitutes  no  ground  why  there  should  be  a  greater 
disappearance  of  the  carbonic  acid  itself  in  the  one  furnace  than  in  the 
other.  The  figures  representing  the  difference  in  this  respect  may  not 
appear  of  much  importance ;  but  when  the  results  are  worked  out  their 
significance  at  once  impresses  itself  upon  the  mind. 

In  the  two  furnaces  described  as  blown  with  superheated  air  I 
ascertained,  inclusive  of  the  heat  contained  in  the  blast,  that  each  unit 
of  carbon  burnt  by  the  air  entering  the  tuyeres,  afforded  from  its 
superior  oxidation  nearly  15  per  cent,  more  heat  in  the  case  of  the 
fomaoe  B  than  in  that  of  A. 

Not  only  have  we  the  loss  from  the  difference  of  combustion  above 
mentioned ;  but,  owing  to  the  larger  consumption  of  coke  in  the  case 
of  the  lesser  furnace  A,  the  weight  of  the  escaping  gases  is  much 
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larger  than  in  B,  and  in  consequence  the  loss  from  this  source  \» 
correspondingly  greater.  This  last  cause  of  loss  was  made  so  con- 
spicuous  upon  a  tbrmer  occasion  as  to  require  no  enlarging  upon  at 
present.  At  page  97,  in  comparing  the  duty  of  an  80  feet  with  that  of 
a  48  feet  furnace,  in  the  case  of  the  former  8,860  calories  were  carried 
off  in  the  gases,  whereas  in  the  lesser  furnace  no  less  than  16,409 
were  so  lost,  and  this  in  consequence  of  the  greatly  increased  volume 
the  gases,  escaping  also,  it  is  true,  at  a  somewhat  higher  tempei 

It  is  perhaps  unnecessary  to  say  that  it  is  not  only  a  waste  of  hi 
once  generated  that  we  have  to  deal  with  in  furnace  A ;  but  with 
cause  which  has  interfered  with  its  generation.     In  other  words,  di^?' 
question  is  in  what  manner  the  formation  of  carbonic  acid  in  the 
has  been  impeded,  or,  if  not  impeded,  what  has  caused  its  disap* 
pearance. 

In  comparing  the  duty  of  the  old  furnaces  of  48  feet  with  those  of 
80  feet,  the  cause  of  the  disappearance  of  carbonic  acid,  or  the  reduction 
of  the  ore  by  solid  carbon  forming  carbonic  oxide — it  is  immaterial 
which — was  considered  to  arise  from  reduction  being  effected  in  a  zone 
of  the  fdmaee  where  the  temperature  was  too  high  for  carbonic  acid  to 
exist  in  the  presence  of  carbon.      The  difference  between  the  two 
furnaces  in  this  respect  is  shown  again  in  Figs.  1  and  2  Plate  IV., 
in  which  it  will  be  perceived  that  the  region  of  lower  temperature, 
coloured  dark,  is  much  more  extensive  in  the  section  of  the  larger 
than  of  the  smaller  furnace.    Let  us  suppose  however  that  we  pour  in  a 
vast  amount  of  heat  with  the  blast,  a  great  portion  of  which  is  intercepted 
by  the  material,  and  is  returned  over  and  over  again  to  the  tuyeres  in 
the  manner  already  described;  then  it  is  not  unreasonable  to  imagine 
that  the  region  of  less  elevated  temperature,  in  an  80  feet  furnace,  will 
be  so  diminished  as  to  approximate  in  capacity  to  that  of  Fig  2,  which 
represents  one  of  48  feet.    In  such  an  event  it  is  clear  the  same  &ult 
which  accompanies  the  reducing  action  in  the  lesser  furnace,  will 
manifest  itself  in  the  larger;  viz.  that  solid  carbon  will  perform  thia 
office,  or  else  the  carbonic  acid  generated  by  the  deoxidation  of  the  ore 
will  be  resolved  into  carbonic  oxide  by  dissolving  carbon. 

There  only  remains  to  say  a  few  words  on  the  manner  in  which 
the  larger  furnace  B  has  done  its  work.  The  first  important  point 
requirinpp  observation  is  the  very  small  amount  of  duty  performed  by 
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a  fomace  of  sach  capacity ;  in  point  of  fact,  for  like  space,  it  amounts 
to  only  56  per  cent,  of  the  work  done  by  its  lesser  neighbour  A,  and 
only  to  50  per  cent,  of  that  of  some  furnaces  elsewhere.  I  admit, 
in  the  matter  of  consumption  of  coke,  that  this  large  furnace  is  pro- 
ducing a  ton  of  iron  for  something  less  coke  than  has  been  done  for 
months  together  by  furnaces  half  its  size,  making  twice  as  much  iron 
per  1,000  cubic  feet  of  space,  and  blown  with  air  300®  C.  (540®  P.) 
lower  in  temperature. 

An  instance  has  recently  been  brought  under  my  notice  where  an 
80  feet  fiimace,  probably  fi:om  defects  in  the  stoves  or  in  the  condition 
of  the  ^imace  itself,  or  for  both  these  reasons,  was  making  850  tons  of 
forge  iron  per  week,  with  the  high  rate  of  consumption  of  25^  cwts. 
of  coke  per  ton  of  iron.  Fire-brick  stoves  now  deliver  the  blast  at 
1,400®  to  1,450®  F.;  and  the  fdel  has  been  reduced  to  21^  cwts.,  while 
the  make  has  risen  to  500  tons  per  week.  In  such  a  case  as  this  it 
would  of  course  be  unreasonable  to  give  superheated  air  the  credit 
of  saving  3|  cwts.  of  coke ;  particularly  when  the  reduced  consump- 
tion—  21-^  cwts.  —  is  in  reality  by  no  means  an  unusually  low 
quantity  of  fuel  for  producing  forge  iron  with  blast  of  moderate  tem- 
perature. 

A  considerable  expenditure  of  heat,  and  therefore  of  fuel,  accom- 
panies the  use  of  the  unusual  quantity  of  limestone  needed  in  smelting 
the  ironstone  of  Cleveland;  while  the  slowness  with  which  this  mineral 
is  reduced  renders  the  use  of  large  furnaces  indispensable  for  its 
economical  treatment.  As  a  contrast  to  these  results  may  be  adduced 
the  work  performed  by  two  furnaces,  smelting  the  easily  reduced  hema- 
tite ore  of  Bilbao.  These  examples  prove  the  large  amount  of  work 
done  in  a  smaU  amount  of  furnace  capacity,  and  the  small  amount  of 
heat  and  therefore  of  coke  required,  as  compared  with  Cleveland  stone. 
The  figures  of  the  larger  furnace  also  demonstrate  the  possibility  of 
making  iron  with  almost  a  theoretical  minimum  of  coke  previously 
insisted  on,  with  blast  of  moderate  temperature.  It  should  be  observed 
that  the  iron  made  was  for  Bessemer  steel  purposes,  and  attention  is 
also  directed  in  the  case  of  the  loftier  furnace  to  the  relation  the  two 
oxides  of  carbon  bear  to  each  other. 


114 


SECTION  VII. — ^FUEIi  REQUIRED  IN  BLAST  FURNACE. 


Puniaoe57fasllilfh. 
7,630 

491**  C.  (916**  P.) 

301°  C.  (674**  P.) 

28-21 

8913 

6-90 

487  tons. 

67i   „ 


Fumaoe  70  f eet  hi^ 
9,550 

622**  C.  (971  P.) 

205**  C.  (401  P.) 

17-60 

38-92 

4>-86 

616  tont. 

541    „ 


Cubic  capacity,  feet       

Teni]ierature  of  blast     ... 

Do.         escaping  gases     . . . 

Coke  Qsed  per  20  units  of  iron. . . 

Ore  do.  do. 

Limestone      do.  do. 

Average  weekly  make 

Weekly  make  of  iron  per  1,000  ft. 
of  capacity 

The  heat  required  for  the  actual 
work  performed  in  the  fur- 
nace was  estimated  by  the 
same  rule  as  that  adopted 
with  Cleveland  iron.'  It 
amounts  to  ... 

Heat   lost    by   transmission,   in 
cases,  6bC     •••         •••         ••• 

Total 


Weight  of  blast  per  20  units  of  iron 
The  estimated  weight  and  composition 
of  the  gases  ^ler  20  units  of  pig  were : 
Nitrogen         ... 
(carbonic  acid ... 

Carbonic  oxide  

Water  in  coke  and  in  ore      

Hydrogen 

Units  of  carbon  as  carbonic  oxide  per 
unit  of  carbon  as  carbonic  acid    . . . 

Heat    evolution    by    combustion    of 

carbon 
Heat  in  blast  ... 

Appropriation  amount  was  shown  to  be 

About  4,000  calories  were  considered  as  absorbed  in  oonyerting 
tiic  water  contained  in  the  ore  into  steam. 

'  In  both  cases  the  temperature  of  the  escaping  ga.<ies  is  low,  due  to  the  fact 
that  the  ore  was  hematite  and  contained  a  certain  quantity  of  water. 


62,805 

60,271 

20.361 

1. 

Pu 

15,294 

88,166 

76,666 

FuroaoeSTfee 
98-67 

maoeZOfeefc. 
7676 

76-19 

68-60 

16-21  - 

C 

416 

19-69 -C   6-87 

42-28 - 

C  1809 

26-17  -  C  11-21 

7-66 

7-82 

•08 

•06 

140-26 

111-74 

4-86 

209 

Calories. 

Calories. 

73,660 

67,944 

11,479 

9,496 

85,039 

77,439 

83,166 

75.665 
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I  do  not  possess  any  better  example  illnstrating  the  valne  of 
eofficiency  in  the  capacity  of  the  furnace  than  that  afforded  by  the 
figares  just  given.  The  results  farther  confirm  much  of  that  which  has 
been  advanced  in  these  pages.  We  have  the  lesser  ftimace  doing  a  large 
amount  of  work  with  a  comparatively  small  consumption  of  coke 
for  its  size  (23*21  cwts.  per  ton),  owing  to  the  readiness  with  which 
the  ore  is  reduced  and  the  small  quantity  of  flux  required.  In  the 
larger  furnace,  by  running  at  a  somewhat  reduced  speed  (54^  tons 
per  1,000  cubic  feet)  the  operation  is  performed  under  conditions 
which,  if  I  am  correct  in  the  hypotheses  already  set  forth,  form  a  dose 
approximation  to  perfect  oxidation  of  the  fuel,  inasmuch  as  the  carbon 
as  carbonic  acid  to  carbon  as  carbonic  oxide  is  as  1  to  2*09 — 1  to  2 
being  considered  as  the  extreme  limit. 

The  truth  of  the  statement  is  particularly  apparent,  when  the 
performance  of  the  furnaces  is  contrasted  with  that  of  a  ftimace  of 
6,000  cubic  feet  capacity,  smelting  Cleveland  stone,  given  page  97. 

With  blast  at  a  temperature  of  485^  C.  (905°  F.)  the  gases  escaped 
at  452^  0.  (846°  F.) — a  temperature  partly  due  to  heat  in  the  ironstone, 
the  consumption  per  20  units  of  pig  (No.  3  quality)  was  as  follows : — 
Coke  28*92,  limestone  16'00,  ironstone  48*80 ;  weekly  make  223  tons, 
or  37  tons  per  1,000  cubic  feet. 

It  may  be  mentioned  that  every  pains  was  taken  in  the  hematite 
furnaces  to  confirm  the  correctness  of  the  weighings;  but  in  addition 
to  these  precautions,  the  composition  of  the  gases  indicate  the  general 
correctness  of  the  weights,  and  of  the  analysis;  which  latter  were  most 
carefully  performed  by  Mr.  BochoU  at  the  Clarence  laboratory.  The 
samples,  like  aU  those  in  recent  experiments,  were  collected  over  a  period 
of  three  hours. 

The  carbon  found  by  a  calculation  based  on  the  composition  of  the 

gases  was:  Funuwe<rf«7feet.       Fumaoe ol 70 f tet. 

Carbon  from  coke  per  20  units  of  iron  ...        21*14        ...        16*85 

Add  for  imparities  in  coke  10  per  cent.  2*86        ...  1*76 

Qives  wdght  of  carbon  as  coke  estimated 

from  the  analyses  of  the  gases       ...        23*49        ...         17*61 
The  weight   of  coke  estimated  by  the 

charge  book  was       23*21        •••         17*60 

Allusion  was  made  at  the  beginning  of  the  present  Section  to  tlve 
undue  importance  sometimes  attached  to  mere  richness  of  an  ore  in  the 


116  SECTION  VII. — ^FUBL  REQUIRED  IN  BLAST  FURNACE. 

metal  it  contains.  This  observation  had  exclnsive  reference  to  the 
quantity  of  coke  required  for  smelting  it;  in  respect  to  which  a  belief 
sometimes  prevails  that  the  amount  of  ftiel  consumed  bears  a  direct 
arithmetical  ratio  to  the  richness  of  the  ore.  Thus  an  ironstone  yielding 
42  per  cent,  of  iron  would  require,  cateris  paribus,  one  sixth  less  fuel 
in  the  furnace  than  a  similar  oi:e  yielding  36  per  cent.  If  there  be  any 
truth  in  what  has  been  advanced  in  these  pages,  such  an  opinion  is 
evidently  feUadous.  The  quantity  of  heat  unquestionably  will  be  in 
excess  of  that  demanded  by  the  richer  stone,  because  the  place  of  metal 
is  taken  by  earthy  matter  which  must  be  melted;  but  not  necessarily  to 
the  extent  suggested. 

It  is  an  easy  problem  to  compare  the  heat  requirements  of  two 
specimens  of  ironstone,  the  one  yielding  42  per  cent,  and  the  other  86 
per  cent,  of  pig  iron;  and  here,  in  order  to  avoid  complication,  we  will 
consider  pig  iron  and  pure  iron  synonymous  terms. 

OOXPOBinON  OF  Ironstosb. 
42per  Cent.  Ore.       96  per  Gent.  On, 
Per  Gent.  Per  Cent 


aj\#u         ■••                «■•                ■■■                •■■                 •■■ 

42 

36 

V^JL YflCwU                                  •■•                           •••                           m  •  •                           •■• 

18 

15-43 

Earths 

40  • 
100 

Owta. 

48*57 

100*00 

Hence  the  earths  per  ton  of  iron 

GwtB. 

amounts  to  exclnsive  of  ash  in  coke 

19-05 

26-98 

Lime  in  10  cwts.  of  Umestone 

5*60 

Do.  in  14*15  cwts.,  being  propor- 

tionate increase  for  additional 

earbus    ■■•         •■•         •••         ••• 

— 

7-92 

Cwts.  of  slag  per  20  cwts.  of  iron 

24*65 

34-90 

By  reference  to  the  table  of  heat  requirements  given  in  this  Section 
we  can  see  the  additional  heat  units  demanded  for  the  increase  in  the 
amount  of  sterile  matter  to  be  dealt  with. 

Heat  Units. 
Expulsion  of  carbonic  acid 

from  additional  Umestone  (14*15-10)  -  4*15  x  370-1,536 
Decomposition  of  additional 

carbonic  acid  in  limestone  -  (1*69  —  1*20)  carbon,  or  *49  x  3,200  »- 1,568 
Fusion  of  additional  slag  (34*90    -    24*66)    10*25  x     550  » 5,637 

8,740 
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Now  one  unit  of  coke  burnt  with  blast  to  the  state  of  carbonic 
oxide  at  about  1,000''  F.  (538''  C.)  may  be  taken  as  aflTording-B^i^f-  '^9'^" 

calories  or  units;  and  qVa?  ~  ^'^^  units  of  coke  required  in  excess 

by  the  poorer  over  the  richer  ore.  But  taking  22  units  of  coke  as  the 
requirement  of  the  richer,  3*66  units  of  fuel  would  have  been  the 
addition  to  be  made,  were  the  ratio  of  the  increase  an  arithmetical 
one;  making  the  total  25*66  instead  of  24*81  (22*00  +  2*81). 

In  a  following  Section,  to  be  devoted  to  a  more  minute  view  of 
certain  chemical  reactions  set  up  in  the  interior  of  the  blast  furnace, 
the  grounds  will  be  given  for  believing  that  in  smelting  iron,  as  a  rule, 
6*58  units  of  carbon  in  the  form  of  carbonic  acid,  per  20  units  of  iron, 
is  the  extreme  limit  to  which  this  higher  oxide  of  carbon  is  generated 
in  the  furnace.  It  is  doubtful  however  whether  so  large  a  quantity 
of  carbon  as  this  is  very  often  found  in  the  gases  as  carbonic  acid; 
there  being  always  a  predisposition,  when  the  oxidizing  and  reducing 
tendencies  of  the  gases  approach  the  theoretical  equilibrium,  for  car- 
bonic add  to  be  reduced  in  its  amount.  When  however  there  is  any 
considerable  weight  of  slag,  as  in  the  case  of  poorer  ironstones,  it  has 
to  be  fused  by  the  combustion  of  an  addition  to  the  coke;  and  this 
coke  being  exclusively  converted  into  the  lower  oxide  of  carbon,  from  the 
want  of  oxide  of  iron  to  acidify  it,  the  reducing  tendency  of  the  gases 
kpro  tanto  intensified.  Thus  a  nearer  approach  to  the  full  quantity  of 
carbon  as  carbonic  acid,  viz.  6*58  units,  is  obtained,  by  complete  reduc- 
tion taking  place  before  the  materials  reach  a  zone  the  temperature  of 
which  permits  carbon  to  decompose  carbonic  acid.  In  this  way  more 
carbon  is  made  to  evolve  8,000  instead  of  2,400  calories,  and  thus 
the  general  store  of  heat  is  thereby  increased. 

The  estimate,  it  wiQ  be  observed,  has  been  founded  on  the  assump- 
tion that  the  higher  percentage  of  earthy  matter  requires  for  its  fusion 
a  corresponding  addition  of  limestone.  This  by  no  means  follows,  for 
it  might  easily  happen  that  so  great  a  proportion  of  the  new  sterile 
constituents  of  the  ore  consisted  of  lime,  as  to  render  more  flux  super- 
fluous. 

By  the  kindness  of  an  esteemed  neighbour,  I  possess  some 
interesting  particulars  of  the  working  of  a  furnace  using  ironstone  of 
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the  Cleveland  type,  in  which  the  consumption  of  ftiel,  looking  at  the 
poorness  of  the  mineral,  is  smaller  than  I  have  elsewhere  found  it  in 
the  course  of  my  experience. 

The  furnaces  he  uses  are  80  feet  high,  with  a  capacity  aver- 
aging 15,500  cubic  feet.  The  calcined  ironstone  only  yields  84*^ 
per  cent,  of  iron,  the  additional  earthy  impurity  however  being  carbo- 
nate of  lime,  the  limestone  used  is  only  10*2  cwts.  per  ton  of  iron. 
The  average  make  of  the  tonaces  is  360  tons  a  week,  producing 
during  my  observations  pig  of  the  average  number  of  8'5  with  22*7 
cwts.  of  coke  per  ton,  equal  to  28^  tons  per  1,000  feet  of  capacity  per 
week. 

For  all  purposes  of  the  fiimace,  we  may  assume  that  the  require- 
ments are  about  the  same  as  those  using  a  similar  weight  of  coke  and 
limestone  on  the  banks  of  the  Tees,  and  that  the  only  difference  in  the 
instance  under  consideration  is  in  the  greater  weight  of  earthy  matter 
associated  with  the  ironstone.  Instead  of  24*65  cwts.  of  slag,  which 
accompany  the  use  of  a  stone  of  42  per  cent,  of  iron,  we  shall  have  in  the 
present  instance  about  88*25  cwts.,  or  an  increase  of  8*6  cwts.  Now 
8*6  cwts.  of  slag  will  require  (8*6  x  550)  4,780  heat  units  for  their 
fusion;  and  this  is  really  all  the  additional  heat  needed  for  this  iron* 
stone  over  and  above  that  absorbed  in  smelting  ore  yielding  42  per 
cent,  of  pig  metal. 

It  has,  however,  been  demonstrated  that  when  a  furnace  is  receiving 
even  less  than  the  quantity  of  coke  consumed  in  smelting  this  poor 
ore,  the  oxygen  combined  with  the  iron  does  not  acidify  carbonic  oxide 
beyond  a  point  which  permits  reduction  to  proceed  with  suitable 
rapidity.  The  generation  of  carbonic  acid  being  entirely  due  to  the 
presence  of  the  oxide  of  iron,  no  increment  of  this  gas  takes  place 
from  the  fact  of  a  mere  increase  of  earthy  substances  having  to  be 
frised ;  and  it  is  therefore  a  matter  of  indifference  whether  the  extra 
heat  required  for  this  fusion,  proceeds  from  the  combustion  of  coke  or 
it  is  brought  in  with  the  blast. 

This  is  exactly  a  case  where  superheated  air  is  most  beneficial.  The 
furnace  gases  themselves  are  capable  of  supplying,  free  of  cost,  the 
necessary  heat  to  the  fire  brick  stoves;  and  all  that  is  required  is  to 
return  it  in  the  blast  to  the  materials  under  treatment. 
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It  IB  easy  to  prove  how  the  additional  heat  for  fusing  the  additional 
slag  was  supplied  by  referring  to  the  returns  sent  to  me  by  the  friend 
to  whom  I  am  indebted  for  these  particulars. 

In  one  of  the  Clarence  furnaces,  of  11,500  cubic  feet,  using  22*32 
cwts.  of  coke  per  ton  of  iron,  108*74  cwts.  was  the  estimated  weight  of 
the  blast,  and  it  was  heated  to  905""  F.  (485''  C.)  The  heat  units 
therefore  contained  in  this  volume  of  air  consumed  would  amount 
to  11,919.  In  the  case  of  the  poorer  stone  under  consideration,  we 
may  take  the  air  entering  the  furnaces  at  the  tuyeres  as  weighing 
105  cwts.,  which  heated  to  662°  C.  will  carry  with  it  16,478  heat 
units,  or  4,554  more  than  the  less  highly  heated  blast  at  the  Clarence 
works.  This  agrees  within  176  units  with  the  quantity  (4,780)  shown 
to  be  needed  for  fusing  the  extra  weight  of  slag. 

The  light  thrown  upon  the  action  of  the  blast  furnace  by  these  figures 
may  be  of  great  value  in  the  future,  to  the  iron  smelters  carrying  on 
their  work  on  the  northern  edge  of  the  great  Cleveland  deposit  of 
ironstone.  This  seam  of  mineral,  at  its  outcrop  there,  is  8  to  10  feet 
thick,  and  continues  pretty  uniform  in  its  content  of  iron  for  a  distance 
of  from  2  to  3  miles  in  a  southerly  direction.  Before  arriving  at 
the  final  point  a  band  containing  a  good  deal  of  shale  shows  itself, 
which  admits  nevertheless  of  being  in  a  great  measure  separated. 
The  portion  which  remains,  however,  together  with  other  smaller 
layers  of  shale,  reduces  the  yield  of  iron  in  the  ftirnace,  reckoned  on 
the  calcined  ore,  from  42  to  about  88  per  cent.  The  larger  band 
gradually  thickens  and  changes  into  pure  shale;  it  then  splits  the  seam 
into  two  distinct  beds  separated  by  a  distance  of  several  yards,  which 
are  worked  in  Eskdale  as  the  Pecten  and  Avicula  seams,  and  are  of 
inferior  thickness  to  the  main  bed  further  north.  The  increase  of 
shale  bands  in  both  is  such,  that  the  raw  stone,  instead  of  containing 
30  to  82  per  cent,  of  metal,  scarcely  exceeds  25  per  cent.;  and  the 
calcined  mineral  falls  in  yield  from  42  to  85  per  cent. 

The  power  of  the  smelter  to  deal  with  an  ore,  so  much  poorer  than 
that  to  which  he  is  at  present  almost  exclusively  accustomed,  with  so 
small  an  extra  quantity  of  coke  as  that  indicated,  is  a  circumstance  of 
great  importance;  and  confers  a  value  upon  the  fire  brick  stove,  which 
it  does  not  possess  to  the  same  extent  in  the  treatment  of  the  richer 
stone. 
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All  the  preceding  calculations  and  statements  have  been  based  on 
the  supposition  that  the  fael  employed  in  the  blast  fdmace  was  coke. 
It  is  now  proposed  to  offer  a  few  remarks  on  the  other  combustible 
substances  used  for  obtaining  the  necessary  temperature  in  smelting 
iron. 

An  amount  of  fixed  carbon,  not  exceeding  that  given  in  the 
analysis  of  Durham  bituminous  coal,  does  not  of  itself  prevent  the 
produce  of  certain  collieries  being  advantageously  used  in  the  raw 
state  in  the  blast  fdmace.  The  Durham  coal  owes  its  power  of 
making  excellent  coke  to  its  "caking"  property;  in  other  words  to 
its  becoming  suflSciently  fdsed  in  the  oven  to  run  together  in  one 
mass.  This  property,  however,  is  the  reverse  of  being  desirable  in  the 
blast  furnace,  because  the  agglomeration  of  the  coal  may  bar  the  access 
of  the  reducing  gases  to  the  ore;  or,  by  binding  together  the  contents 
filling  the  structure,  prevents  that  regular  descent  of  the  materials, 
the  importance  of  which  has  been  dwelt  on  in  these  pages. 

The  following  analyses  of  the  furnace  splint  of  Airdrie  in 
Scotland,  and  of  the  bituminous  coals  of  Durham  as  well  as  of 
Scotland,  will  show  that  something  apart  from  chemical  composition 
renders  the  first  applicable  in  the  raw  state  as  a  furnace  fuel,  while  the 
two  latter  are  regarded  as  unfit  for  such  work. 


Splint  Coal, 
Sootlaad. 

Bitomlnoua  Coal, 
SooUand. 

BitaminooB  Coal, 
Durham. 

Volatile  matter 

42-24 

38-32 

27-78 

Sulphur 

Not  estimated. 

Not  estimated. 

Not  estimated 

Ash    ... 

8-50 

5-78 

5-90 

Fixed  carbon 

64-26 

56-90 

66-32 

100-00 

10000 

100-00 

Notwithstanding  a  certain  similarity  in  composition,  there  is  no 
resemblance  whatever  between  the  splint  and  the  bituminous  coal  as  to 
their  conduct  in  the  blast  fdmace.  Fragments  of  the  Scotch  splint, 
instead  of  showing  any  inclination  to  unite  when  heated,  behave 
almost  as  charcoal  or  coke  would  do  under  the  like  circumstances. 

The  west  of  Scotland  is  fortunate  in  the  possession  of  vast  areas  of 
this  dry  burning  coal;  hence  the  iron  furnaces  there  are  almost 
uniformly  fed  with  their  fiiel  in  its  raw  state.    The  advantages  of  this 
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process  are  that  it  avoids  the  expense  of  coking,  and  saves  the  neoessaiy 
waste  of  a  portion  of  the  solid  carbon,  which  takes  place  when  the 
expulsion  of  the  volatile  constituents  is  effected  in  the  presence  of 
atmospheric  air.  Against  these  have  to  be  set  the  providing  of  the  heat 
required  in  the  blast  furnace,  for  driving  off  the  gaseous  portion  of  the 
raw  fuel.  If  this  be  taken  at  2,000  calories  per  unit  of  gas  expelled, 
and,  assuming  a  Scotch  fnmace  of  the  old  type,  say  of  45  feet  in 
height,  to  consume  50  kilogrammes  per  20  kilogrammes  of  iron,  there 
will  be  20  kilogrammes  of  volatile  matter  to  evaporate.  It  is  impos- 
sible in  the  case  just  cited  to  calculate,  by  direct  observation,  the  actual 
consumption  of  fuel  required  to  expel  the  20  units  of  volatile  matter; 
because  the  furnace  being  open  at  the  top,  the  flame  of  the  burning  gas 
greatly  aids  the  work  of  distillation. 

The  gas  emitted  by  the  coal  consists  chiefly  of  light  carbaretted 
hydrogen;  and  its  quantity  and  specific  gravity  are  such  that,  when  its 
volume  is  added  to  that  of  the  extra  carbon  burnt  for  its  expulsion, 
the  volume  of  the  reducing  gas  is  immensely  increased,  as  compai*ed 
with  what  it  would  have  been,  had  coke  been  used  instead  of  raw  coal. 
Such  a  change  of  course  means  that  over  a  given  period  of  time, 
for  the  same  quantity  of  pig  iron,  a  much  larger  volume  of  reducing 
gas  would  pass  over  the  ironstone,  compared  with  that  given  off  when 
coke  is  the  fuel  employed.  Now  I  ascertained  by  direct  experiment 
that  oxide  of  iron  lost  212  times  the  quantity  of  oxygen  when  213  litres 
of  the  reducing  gas  were  passed  over  it  in  6  hours,  as  when  65  litres 
of  the  same  gas  were  consumed  in  the  same  time  and  at  the  same  tem- 
perature: in  other  words,  the  addition  of  228  per  cent,  to  the 
volume  of  gas  caused  an  addition  of  212  per  cent,  to  the  oxygen 
extracted. 

This  great  addition  to  the  deoxidizing  power  of  the  furnace  may 
thns  permit  a  much  more  rapid  rate  of  driving,  than  where  coke  is 
employed;  and  may  thus  account  for  the  large  make  in  the  very  small 
fnmaces  as  used  still  very  largely,  in  Scotland.  In  these,  with  a  capacity 
of  only  5,000  cubic  feet,  (height  42  by  14^  feet)  above  200  tons  are  run, 
equal  to  40  tons  per  1,000  cubic  feet  per  week. 

Advantageous  as  is  without  doubt  the  increase  of  reducing  energy 
in  these  furnaces,  the  large  volume  of  gaseous  substances,  rushing 
upwards  with  great  violence,  carries  with  it  a  great  quantity  of  sen- 
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sible  heat;  but  the  experience  of  the  Scotch  smelters,  in  adding  U) 
the  height  of  their  furnaces,  had  not  until  recently  been  such  as  to 
induce  them  largely  to  follow  the  example  set  them  in  Cleveland. 

In  the  year  1870  however,  Mr.  William  Ferrie  of  the  Monklaud 
works  described  at  a  meeting  of  the  Iron  and  Steel  Institute^  a 
furnace  83  feet  high,  in  which  the  coal,  as  it  descended,  passed  through 
chambers  heated  red  hot  by  the  combustion  in  flues,  constructed  outside 
of  the  chambers  themselves,  of  a  portion  of  the  ftimaoe  gases.  By 
this  contrivance  the  consumption  of  coal  on  the  ton  of  iron  was 
reduced  from  about  51  cwts.  to  35^  cwts.;  and  the  weekly  make  was 
increased  from  185  tons  to  224  tons. 

It  seemed  doubtful  to  me  at  the  time  whether  the  saving  was  not 
due  entirely,  or  in  great  part,  to  the  mere  addition  to  the  h&ght  of 
the  frimace.  Subsequent  investigation  led  me  somewhat  to  modify 
this  opinion,  but  since  then  I  am  informed  that  by  the  use  of  lofty 
furnaces,  without  any  coking  chambers  on  the  top  as  designed  by 
Mr.  Ferrie,  the  ton  of  iron  is  obtained  at  an  expenditure  of  about  85  to 
40  cwts.  of  coal.  Certain  it  is  that  a  very  great  reduction  in  the  con- 
sumption of  fuel,  as  might  have  been  anticipated,  has  accompanied 
this  change  of  capacity;  but  to  Mr.  Ferrie  is  due  the  credit  of  having 
first  successfully  applied  the  experience  of  the  tall  furnaces  of  Cleveland 
to  the  minerals  of  Scotland. 

Somewhat  inconsistent  with  the  disfavour  in  which  the  raw  coat 
of  the  County  of  Durham  is  held  by  furnace  managers,  is  the  experience 
and  practice  of  the  North  Staffordshire  smelters.  Their  coal  is  com- 
monly, but  not  invariably,  used  with  a  small  portion  of  coke,  say 
about  one-fifth  of  the  latter.  The  raw  coal  contains  only  56  per 
cent,  of  solid  carbon,  and  but  2*7  per  cent,  of  ash.  It  appears  in  the 
laboratory  to  cake  as  freely  as  that  of  the  North  of  England,  and  yet 
the  smelters  have  no  difSculty  in  using  it  in  furnaces  having  a  height 
of  70  feet.  The  consumption  is  about  26  cwts.  of  raw  coal  and  6  of 
coke,  equal  to  87  cwts.  of  raw  coal,  per  ton  of  pig  iron.  The  limestone 
consumed  is  about  40  per  cent,  less  than  in  Cleveland,  and  the 
ironstone  is  richer,  so  that  about  8  cwts.  less  ore  is  used,  per  ton  of  pig 
metal,  than  at  Middlesbrough. 

Not  having  sufficient  opportunity  of  examining  the  &cts  connected 

•   Twie  Transactiong,  1870. 


SBcmoN  yn. — ^fuel  bbqdibed  in  blast  fubnace.         128 

with  the  nse  of  raw  coal,  I  can  only  deal  in  a  somewhat  hypothetical 
manner  with  the  heat  required  for  expelling  the  gases  it  contains. 

The  North  Staffordshire  example  jnst  given  was  that  of  a  furnace 
70  feet  high  with  a  closed  top,  and  using  super-heated  air  at  a 
temperature  of  785°  C.  (1,445°  F.)  In  comparing  its  performance  with 
a  Cleveland  furnace  using  21  ewts.  of  coke  with  blast  at  1,000^  F. 
I  obtain  the  following  figures. 

The  reduced  weight  of  carbonic  acid  in  the  lesser  weight  of  lime- 
stone used,  and  the  greater  weight  of  fuel  employed  in  North 
Staffordshire  permit  a  larger  weight  of  carbon  to  reach  the  tuyeres 
than  occurs  in  the  Cleveland  case  adopted  for  comparison.  This 
makes  a  difference  in  favour  of 

Ottloriec 
North  Staffordshire  in  heat  OTolTed  at  the  hearth  of    ...        10,641 

Less  CO,  in  limestone  to  expel  and  decompose  ...  8,632 

Lesser  weight  of  slag  to  fuse  11*76  cwts.    x    550  in 


1 


Staffordshire  than  in  Cleveland        )        _! 

Leaving  for   expulsion  of    gases    from  raw    coal    inl      20741 
Staffordshire j 

The  volatile  matter  in  26  cwts.  of  coal  at  40  per  cent,  gives  10*4 

20  741 
cwts.  of  gas  to  be  expelled,  and      *       =s  1,994  calories  per  unit  of  gas. 

When  we  compare  this  with  the  number  formerly  considered  as  being 
absorbed  by  this  function,  viz.,  2,000  calories  per  unit  of  gas,  the 
approximation  is  a  remarkably  close  one. 

The  cause  of  a  waste  of  fiiel  in  furnaces  of  insuiBcient  capacity 
has  been  explained  as  being  partly  that  the  escaping  gases,  owing  to 
their  high  temperature,  carry  away  a  large  amount  of  heat,  and 
partly  that  they  are  charged  with  less  carbonic  acid  than  they  are 
capable  of  holding.  Both  these  defects,  as  has  been  shown,  are 
capable  of  removal  by  a  suitable  increase  of  capacity,  varying  in 
amount  with  the  quality  of  the  ore  under  treatment. 

For  the  purpose  of  comparison  we  will  confine  ourselves  to  f  amaoes 
iisiug  Cleveland  stone;  and  once  more  I  must  repeat  what  has  already 
perhaps  been  sufficiently  insisted  on,  viz.,  that  as  soon  as  one-third  of 
the  carbon  in  the  gases  is  converted  into  carbonic  acid,  and  is  cooled 
down  to  a  temperature  of  about  400°  to  600°  F.  (205°  to  260°  C), 
aU  further  enlargement  is  unnecessary;  because,  as  I  maintain,  all 
ftirther  economy  of  fuel,  dependent  on  these  causes,  is  impossible. 
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The  drift  of  these  obseryatioiis  and  what  has  preceded,  is  to  prove 
that  something  like  12,000  feet  of  capacity  and  air  at  563^  C. 
(1,045®  F.)  are  very  near  the  useful  limits  as  to  size  of  furnace  and 
temperature  of  blast;  at  all  events  about  one  cwt.  of  coke  is  all  the 
saving  by  an  immensely  larger  furnace  fed  with  air  at  1,600^  F. 

In  the  discussions  which  have  taken  place  at  the  meetings  of  the 
Iron  and  Steel  Institute  and  elsewhere,  the  question  has  often  been 
asked,  whether  capacity,  gained  by  enlarging  the  diameter  of  the  fur- 
nace instead  of  adding  to  its  height,  would  be  attended  with  an  equal 
economy  of  fuel. 

If  one  may  venture  to  give  an  opinion  on  a  matter  which  has  not 
been  made  the  subject  of  direct  experiment,  I  would  say,  provided  the 
descending  current  of  materials  were  so  circumstanced  that  it  was  ex- 
posed to  the  ascending  gases  as  long  and  as  completely  in  the  furnace 
where  capacity  was  attained  by  increased  diameter,  as  in  that  where 
the  same  object  was  secured  by  increased  height,  then  a  low  fdmaoe 
would  do  its  work  as  well  as  a  high  one  of  the  same  cubic  capacity. 

It  is  my  belief,  however,  that  the  conditions  referred  to  cannot  be 
secured  in  a  low  furnace  of  large  diameter ;  and  that  in  consequence 
no  such  economy  as  has  attended  the  loftier  furnaces  would  be  obtained 
This  opinion  rests  on  the  foUowing  grounds. 

We  will  take  the  case  of  a  furnace  smelting  Cleveland  stone  with 
a  well  having  a  diameter  of  eight  feet.  As  is  well  understood,  it  u 
necessary  to  keep  the  size  of  a  furnace  at  the  tnyeres  within  moderate 
dimensions,  in  order  to  permit  the  blast  to  penetrate  to  the  centre  of 
the  materials  exposed  to  its  action.  Capacity  is  needed,  however,  in 
the  upper  zones  of  the  structure,  in  order  to  permit  the  solids,  while 
descending  to  the  hearth,  to  have  several  hours  exposure  to  the  heated 
gases.  To  facilitate  this,  the  boshes  have  an  inwards  inclination,  at  a 
certain  angle  or  slope.  I  have  constructed  a  diagram,  Plate  Y.,  in 
which  a  furnace  of  18,000  cubic  feet  is  comprised  in  a  building  of  60 
feet  from  the  hearth  to  the  charging  plates,  the  approved  angle  of  the 
bosh  for  working  Cleveland  stone  being  preserved. 

I  entertain  little  doubt,  that  the  practised  eye  of  any  furnace 
manager  would  condemn,  without  a  trial,  such  a  section  as  that  given 
in  the  diagram;  and  this  probably  for  the  same  reasons  as  those  which 
appear  to  myself  to  be  valid. 


Plate  to  shew  imperfect  actiaa  in  a  famace  of  large 
C£$aci1^  Imt  deficient  in  lieiglit. 


.Sfe^A^  - so  feet 

Greatest  diameter ..    ,  3Z    „ 

Cubuy  ixmOnts  about. .      Jd.OOO    , 
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The  mooBYeiiienoe  of  having  the  materials  for  the  smelter  in  a  fine 
Btafce  of  division  is  recognized  by  all  experience,  and  the  obvious  cause 
is  their  greater  impermeability  to  the  heated  gases.    The  more  the 
coarse  dnst-like  matter  is  divided  and  distributed  by  larger  blocks 
the  better.    Now  the  quantity  of  this  dust  being  the  same  in  the  low 
as  in  the  high  furnace,  but  having  in  the  same  period  of  time  to  pass 
through  80  feet  in  the  loftier  or  through  60  feet  in  the  lower  fiimace, 
the  annulus  it  forms  from  the  distributing  cone  will  be  proportionately 
thinner  in  the  furnace  of  80  feet.    Probably  however  a  greater  evil 
would  attend  the  increase  of  diameter  in  the  furnace  itself,  from  say 
20  to  82  feet,  in  the  facility  it  would  afford  to  the  largest  pieces  of  ore, 
etc.,  for  separating  themselves  more  completely  from  the  smaller  frag- 
ments.    Such  separation  not  only  offers  very  open  spaces,  through  which 
the  gases  will  rush  rapidly  upwards  from  the  tuyeres,  but  the  increased 
horizontal  section  (two*and-a-half  times  greater  at  the  top  of  the  bosh 
in  the  lower  furnace  than  in  the  higher)  lends  itself  in  an  increased 
degree  to  the  premature  escape  of  the  gaseous  matters  in  question. 
This  mode  of  action  possesses  the  obvious  inconvenience  of  preventing 
that  action  between  solids  and  gases  in  the  furnace,  which  has  already 
received  sufficient  notice  :  and  therefore  no  more  need  be  said  to  prove 
that  a  waste  of  fuel  must  necessarily  accompany  the  substitution,  for 
increased  height,  of  mere  capacity  obtained  by  enlarging  the  diameter 
of  the  furnace. 

Allusion  was  made  (Sec.  III.,  p.  41)  to  the  cost  at  which  the  ores 
of  iron  were  freed  from  the  eai-ths  in  the  form  of  sli^,  during  the 
process  of  smelting.  To  illustrate  this  a  table  has  been  construeted 
on  the  following  principles. 

The  heat  generated  by  the  formation  of  carbonic  acid  has  been 
shown  to  be  'but  a  little  in  excess  of  that  required  for  tearing  away 
the  oxygen  from  the  iron.  We  will  therefore  omit  this  source  of 
expenditure  of  heat  out  of  the  estimate,  and  regard  all  the  fuel  as  burnt 
to  the  state  of  carbonic  oxide :  the  amount  we  will  assame  to  be  19*42 
^ts  per  20  units  of  iron.  In  like  manner  carbon  impregnation,  being 
s  process  of  a  heat  producing  character,  is  also  eliminated  from  the 
account.    We  have  then  : — 
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19*42  units  of  carbon  burnt  to  CO  x  2,400  -  46,608  calories 
Blast  containing         ...         ...         12,000       y, 


Hence 


66,608  calories 


68,608 
2,916  calories  per  nnit  of  carbon, 


19*42  carbon  burnt 

or  say  2,650  calories  per  unit  of  coke. 


Exclusive  of  redaction  of  the  oxide,  of  iron,  left  ont  for  the  reason 
ah'eadj  assigned,  we  have  the  following  fignres,  setting  forth  the  ooke 
consumed  in  each  section  of  the  work  performed  when  smelting  20 
units  of  Cleveland  iron. 


OaloTfaB 

«(pialto  Units  of  OdkB. 

1.- 

-Evaporation  of  water  in  the  coke      

313 

*118 

2.- 

-Expulsion  of  carbonic  acid  from  Umestone  ... 

4,070 

1*636 

3.- 

-Decomposition  of  carbonic  acid  in  limestone 

4,224 

1-694 

4.- 

-            Do.             water  in  blast       

1,700 

642 

5.- 

-Reduction  of  phosphoric  acid,  siUcon,  etc.  ... 

3,600 

1*321 

6.- 

-Fusion  of  pig  iron       

6,600 

2-4&0 

7.- 

^           A#0»            HUHf   •«•                •>•                 •••                •••                ••• 

-Waste  in  gases ...           7,900 

16,366 

6-794 

8.- 

36,763 

13*496 

9.- 

Do.      other  sources           ...           8,789 

16,689 

6*294 

52.462 

19*789 

It  will  thus  be  noticed  that,  in  smelting  Cleveland  stone,  fully  5}  unite 
of  coke  are  expended,  for  every  20  units  of  pig  produced,  in  merdy 
melting  the  slag.  Properly  speaking,  to  this  must  be  added  the  fhd 
required  to  effect  the  change  in  the  limestone,  placed  under  the  heads 
Nos.  2  and  3,  and  together  =  S'lSO  units:  making  in  all  8*924  units  of 
coke  required  for  offices  in  connection  with  the  formation  and  fusing 
of  the  slag. 

From  what  has  preceded,  it  follows  as  a  matter  of  course  that  a 
mineral  coal,  irom  which  there  is  little  or  nothing  to  be  expelled,  ought, 
when  subjected  to  a  high  temperature,  to  fulfil  the  conditions  required 
in  the  blast  furnace.  That  variety  of  fossil  coal  known  as  anthracite  is 
admirably  adapted  for  the  purpose  in  question;  for  being  so  free  from 
volatile  ingredients,  its  interior  is  little  changed  by  the  intense  heat 
to  which  it  has  been  exposed  during  its  passage  through  the  fturnaoe. 
Owing  probably  to  its  tendency  to  splinter  at  high  temperatures,  a  very 
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fltrong  blast  is  required  for  the  proper  penetration  of  the  materials : 
I  found  9,  10,  and  even  as  high  as  12  lbs.  on  the  square  inch  to  be  in 
common  use  in  Pennsylvania,  and  in  the  States  of  New  York  and  New 
Jersey. 

The  table  given  below  contains  particulars  of  the  composition  of 
anthracite^  and  also  of  bituminous  or  gas  coal;  and  ^m  this  the 
saperiority  of  the  former  as  a  blast  furnace  fuel  is  sufficiently  apparent. 

Anthncite.      Bitnmlnoiu.      Bitnmlttoiu. 
PennflgrlTanla.  Sooth  Wftlec  Co.  of  DnrluuiL  PauaylTanlA. 

5-86 


Varied. 

Anthnoiti 

Locali^. 

PemugrlTaol 

Volatile  matter 

6-360 

Snlphnr      

•657 

^LBU   •  ■  ■                >  ■ « 

5*856 

Fixed  carbon 

87127 

100-00 

24*50 

37-010 

1-22 

761 

3-84 

4-076 

71-66 

58-154 

101-22 

100-00 

Vi-ss 

92-56 
10000 

The  best  Durham  coke  may  be  considered  as  containing  92  to  95 

per  cent,  of  solid  carbon;  so  that  the  American  anthracite  referred  to 

above  may  be  regarded  as  being  6  or  7  per  cent,  inferior  in  quality  to 

the  finest  furnace  fuel  used  in  the  Middlesbrough  district.     A  kind  of 

anthracite  used  at  the  Cedar  Point  Works,  on  Lake  Champlain,  is 

stated  by  my  friend  Mr.  Witherbee  to  contain  only  83  per  cent,  of 

fixed  carbon.    Upon  the  latter  basis  of  computation,  23^  cwts.  of 

anthracite  ought  approximately  to  be  equivalent  to   21   cwts.  of 

Durham  coke.    In  American  furnaces  of  recent  construction,  from  75 

to  80  feet  in  height,  this  low  rate  of  consumption,  viz.  28^  cwts.,  has 

been  nearly  reached;  for  24  to  25  cwts.  is  not  an  uncommon  figure. 

The  greater  number  of  the  furnaces  in  the  United  States '^i^rfiowever 

of  the  old  type;  and  in  such,  say  with  a  height  of  55  feet,  82  to  85 

cwts.  represent  more  usually  the  quantity  of  anthracite  charged  into 

the  furnace,  as  required  to  produce  one  ton  of  foundry  iron.    Owing 

to  breakage  in  handling,  a  portion  of  small  is  sepai-ated;  and  this, 

being  used  for  inferior  purposes,  entails  some  addition  to  the  actual 

cost  of  fuel  at  the  blast  furnace. 

In  the  table  given  at  page  98  it  appears  that,  of  the  total  heat 
evolved  by  the  oxidation  of  the  fuel,  about  45  per  cent.  (86,512  units 
out  of  81,686)  is  caused  by  raising  the  carbonic  oxide,  chiefly  formed 
by  direct  combustion,  to  the  state  of  carbonic  acid.  Now  seeing  that 
carbonic  oxide  in  composition  and  in  properties  is  precisely  the  same, 
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whether  It  be  obtained  from  burning  a  diamond,  a  pieoe  of  charcoal,  or 
a  morsel  of  coke,  the  power  of  carbon,  in  the  form  of  carbonic  oxide, 
from  whatever  source  it  may  be  derived,  to  reduce  oxide  of  iron,  must 
always  be  the  same. 

But  when  the  weight  of  coke  actually  used  in  smelting  a  ton  of 
iron,  even  from  the  richest  hematite  ores  and  in  ftirnaces  of  8,000  to 
10,000  cubic  feet,  was  compared  with  what  was  done  by  means  of 
charcoal  in  the  Carinthian  furnaces,  of  not  one  quarter  this  capacity, 
the  difference  was  so  marked  as  either  to  raise  some  doubt  as  to  the 
correctness  of  the  estimates  given  in  these  pages,  or  to  lead  to  the 
supposition  that  there  was  a  virtue  in  charcoal  not  possessed  by  coke, 
or  any  other  variety  of  mineral  fuel.  This  idea  was  at  one  time  enter- 
tained by  my  distinguished  friend  Professor  Tunner — ^himself  a  resident 
in  Carinthia,  and  a  careful  observer  of  the  performance  of  the  fdmaces 
of  that  province. 

In  the  hope  of  throwing  some  light  on  the  apparent  anomaly,  this 
able  metallurgist  kindly  consented,  at  my  request,  to  have  the  analyses 
of  the  gases  repeated.  The  result  came  out  as  before,  viz.  that  pig 
iron  was  produced  at  Eisenerz  and  Lolling  with  25  per  cent,  to  30  per 
cent,  less  carbon  in  the  form  of  charcoal,  than  was  used  in  this  country, 
in  smelting  hematite  ores,  by  means  of  coke. 

In  estimating  the  heating  power  of  a  given  quantity  of  these  two 
kinds  of  fuel,  the  first  step  is  to  ascertain  the  quantity  of  carbonic  acid 
in  the  products  of  combustion.  I  am  bound  to  say  that  in  the  case  of 
charcoal  at  Eisenerz  the  proportion  of  carbon  as  carbonic  acid  (COg) 
to  that  as  carbonic  oxide  (CO),  instead  of  being  in  the  ratio  1  to  2, 
as  with  coke  furnaces,  was  stated  to  be  as  1  to  1*72. 

In  reference  to  this  unusual  amount  of  carbonic  acid  in  the  gases,  I 
apprehend  that  the  analyses  could  scarcely  have  represented  their 
average  composition  over  a  long  period.  It  often  happens  that  the 
proportion  of  this  gas  fCOg)  exceeds  for  a  short  time  the  ratio  already 
named  (1  CO^  and  2C0);  but  the  extra  heat  so  generated  is,  it  ifl 
apprehended,  lost  by  being  carried  off  in  the  escaping  gases. 

Although  I  suspected  at  the  time  that  the  secret  lay  in  someP 
difference  between  the  ores  of  Styria  and  Carinthia  (which  were'S 
spathose  carbonate)  and  those  of  Cleveland  and  liancashire,  or  in  their  h 
respective  modes  of  treatment,  I  possessed  no  means  of  comparing  the 


SBCnON  YII. — ^FUEL  BEQT7IBED  IN  BLAST  FUBNAGB.  129 

actual  &ct8;  which  perhaps  conld  be  best  done  by  contrastlDg  the 
results  obtainied  in  smelting  the  same  kind  of  ore,  nnder  the  same  con- 
ditions, with  charcoal  and  with  coke. 

During  my  visits  to  the  charcoal  furnaces  on  Lake  Superior,  and  in 
Alabama  and  Georgia  in  the  United  States,  I  did  not  meet  with  any 
instances  in  which  the  consumption  of  charcoal  was  as  low  as  that 
mentioned  in  connection  with  the  Austrian  iron  works,  17  cwts.  per 
ton  of  metal  being  the  lowest  of  which  I  haye  any  record.  I  further 
learnt  that  the  difference  in  consumption  of  carbon  between  charcoal 
and  coke,  when  applied  to  the  same  ore,  was  imperceptible. 

Haying  obtained  from  Professor  Tunner  all  the  particulars  of  the 
materials,  etc.,  used  in  working  the  charcoal  furnaces  which  consumed 
only  14  cwts.  of  charcoal  per  ton  of  iron,  I  proceeded  to  estimate  the 
sum  of  the  heat  requirements  per  20  kilogrammes  of  pig  iron.  The 
figures  came  out  as  follows : — 

„                        ^  Cftloriaa. 

Evaporation  of  water  in  the  charcoal  300 

Redaction  of  ore  and  diBsodation  of  carbonic  oxide 


Ezpolsion  of  carbonic  acid  from  limestone  . . 
Decomposition  of  carbonic  acid  in  limestone 

Do.  water  in  blast       

Do.             silica  and  phosphoric  acid 
Fusion  of  iron 

J^v«  BIHK^  •«•  ■••  ••■  ■•■ 

Loss  by  radiation        

Carried  off  m  gases     


84,600 
600 
500 
1,600 
],000 
6,600 
6,600 
4^000 
4^200 

69,800 


Now  when  this  amount  comes  to  be  compared  with  87,000  units, 
the  estimated  requirement  already  given  for  smelting  Cleyeland  iron, 
the  actual  weight  of  fuel  consumed  in  each  case  will  be  found  in  almost 
exactly  the  same  proportion  as  the  heat  units  required  in  the  two  cases : 
for  59,800  :  87,000::  14  :  20-87.  This  statement  justifies  the  idea, 
that  in  a  suitable  furnace,  thd  Austrian  iron  could  be  made  with  the 
same  quantity  of  coke  as  of  charcoal;  for  any  difference  in  the  figures 
is  easily  accounted  for  by  differences  in  the  quality  of  the  product, 
that  of  Cleveland  being  grey,  and  the  other  white,  iron. 

Since  the  above  was  written,  a  very  interesting  paper  has  been 
forwarded  to  me  by  the  kindness  of  Mr.  John  Birkinbine,  of  the  Pine 
Orove  furnace  in  Pennsylvania,  U.S.A. 

I 
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He  has  experimented  on  smelting  the  same  ore  with  charooal  and 
with  coke,  as  well  as  with  anthracite.  The  results  given  are  very 
instructive,  and  are  as  follows;  the  trials  beginning  and  ending,  it  will 
be  seen,  with  charcoal :  — 

Oharooal.  Coke.  Anthracite.       ChanoaL 

Febnimry.  1879.    April^l879.       May,  1909.     Aofort^un. 
Cwts.  of  fuel  per  ton  of  pig  iron. . .  22*59 

Do.      ironstone        do.  ...  62*26 

Do.      limestone        do.  ...  11*60 


3119 

34*56 

23-66 

60-00 

52-63 

50*00 

2800 

24-94 

12^ 

8-00 

3-00 

2-00 

70 

58 

101 

Quality  of  iron     No.      2*40 

Weekly  make       Tons      95 

The  large  additional  quantity  of  limestone  consumed,  when  using 
mineral  fnel,  of  itself  necessitates  a  higher  consumption  of  fuel,  for  the 
reasons  already  explained.  The  furnace  in  which  the  experiments 
were  conducted  was  blown  with  air  at  only  600°  F.  (315°  C.)  It  was 
only  36^  feet  high  with  9  feet  4  inch  boshes — dimensions  which  will  be 
recognised  as  being  far  below  those  required  for  successful  smelting 
with  mineral  fuel.  The  examples  given  howeyer  do  not  call  for  any 
special  explanation  in  respect  to  the  small  weight  of  charcoal  used; 
which,  it  will  be  observed,  after  making  allowance  for  the  yield  of  the 
ore,  is  very  near  to  the  weight  of  coke  often  used  iu  the  Cleveland 
district.  All  that  can  be  said  is  that,  for  reducing  the  ore  used  at  the 
Pine  Grove  works  with  coke,  the  furnace  was  evidently  much  too  small, 
and  in  consequence  the  consumption  of  this  variety  of  fuel  as  well  as 
that  of  anthracite  was  wastefully  high. 

I  am  indebted  to  the  kindness  of  my  friend  Professor  Akerman  of 
Stockholm  for  some  interesting  information  respecting  the  performacce 
of  27  charcoal  furnaces  in  Sweden.  From  these  the  gas  is  taken  off  au 
two,  and  occasionally  at  three,  levels;  and  a  mean  composition  is 
assumed,  based  on  the  three  resulting  analyses.  Unless  however  the 
same  quantities  of  gas  are  given  off  at  each  orifice,  this  mode  of  com- 
putation is  liable  to  error.  But  the  comparison  of  the  heat  requirements 
with  the  heat  evolution  agree  so  closely,  that  the  departure  from  truth 
cannot  be  large. 

PARTICULARS  OF  27  SWEDISH  FURNACES,  WORKING  WITH 

CHARCOAL. 

DmNSZONS  IN  BNOLlliH  FXCT. 

Minimum.        Maximum.       Actual  Arengs. 


Height 

30-3 

54-6 

45*8 

Diameter  of  bosh 

6-8 

10-6 

8-8 

Cubic  capacity  in  feet— supposed 

600 

2,400 

1,400 
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The  heat  absorption  has  been  calculated  according  to  the  formula 
applied  in  the  present  Section  to  English  furnaces.  The  average  of 
the  27  furnaces,  per  20  units  of  pig  iron,  was  as  follows: — 

Evaporation  of  water  in  fael    

Bednction  of  19"!  units  iron  in  20  of  pig 

metal,  from  peroxide,  and  partly 

maguetio      ...        ...        ... 

Carbon  impreg^nation  for  carbon  in  20 

of  pig  metal 
Expulsion  of  carb.  acid  fromUmestone 
Decomposition  of    do.  do. 

Decomposition  of  mdstnre  in  blast 

Do.  pbospboric  and  silicic 

Fusion  of  pig  iron  

^^v*  OUUf         ■••  •••  ■••  ••• 

Transmission  of  beat  througb  walls,  etc,  estimated 
Carried  off  in  tuyere  water  do. 

Do.      do.    escaping  gases,  03*07  units  x  2 

Total  requirements    66,622 


Units. 

Units. 

H«ikt  Units. 

802 

X 

540 

1,681 

19-10 

X 

1,668 

81,761 

•80 

X 

2,400 

1,920 

8*84 

X 

870 

1,421 

-46 

X 

8,200 

1,472 

-04 

X 

84,000 

1,860 

— 

..^ 

622 

20-00 

X 

880 

6,600 

16-04 

X 

580 

8,270 

ated 

— 

2,548 

— 

1,109 

589**  C. 

X  -267  SH, 

6,918 

The  heat  units  therefore,  necessary  for  producing  iron  made  at 
these  27  furnaces,  are  nearly  25  per  cent,  less  than  what  was  estimated 
as  being  absorbed  in  smelting  Cleveland  stone. 


Cbarooal  used  per  20  units  of  iron  was  19*48  units  "■  dry    ... 
Limestone  do.  ...        ... 

\Jaw3  Um*  •••  «■•  «•■  ■•>  ■•• 

»  

Temperature  of  blast  was  (412°  F.)       

Do.  escaping  gases  (662°  F.)  

To  ascertain  how  the  heat  is  obtained  we  have — 

Dry  wdgbt  of  charcoal  consumed  per  20  units  of  pg 

Less  asb,  bydrogen,  oxygen,  and  carbon  already  combined  witb 
oxygen  in  tbe  cbarcoal 

Actual  avulable  carbon  in  tbe  charcoal  


Units. 

16-46 

8-84 

89-56 

211°  C. 

289°  C. 


Units. 
16-46 


2-12 
1484 


The  composition  of  the  gases  gave  46*51  volumes  of  carbonic  acid 
for  100  volumes  of  carbonic  oxide;  which  is  equal  in  weight  to  1  unit 
of  carbon  as  carbonic  acid  for  215  units  as  carbonic  oxide. 

The  heat  evolution  is  as  follows: — 
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Units.        Units.       Heat  Unita 

Carbon  in  charcoal 14*84 

Leiw  dissolved  by  carb.  acid  in  limestone  ...        *46 


Leaving  to  bnm  to  carbonic  oxide 18*88   x   2,400  -  88,312 

Carbon  as  CO  burnt  to  CO,  4*86   x   5,600  -  27,160 

Heat  in  blast,  63*27  units  air  x  2ir  C.  x  -287  SH, 8,163 


63,635 
Heat  units  required  as  given  above      65,522 

Difference  between  the  two  sides  of  the  account       1)887 

It  is  worthy  of  notice,  in  this  estimate,  that  in  connection  with  the 
use  of  limestone  and  the  fusion  of  the  slag,  about  only  40  per  cent,  of 
the  heat  is  required  of  that  needed  in  the  case  of  Cleveland  iron.  This 
of  itself  is  equivalent  to  a  difference  of  about  3*6  cwts.  of  fuel  upon  each 
ton  of  iron.  It  may  also  be  observed  that  the  Swedish  iron-master 
uses  blast  of  a  temperature,  41^°  F.,  far  below,  that  to  which  it  might 
be  easily  raised.  Experience  has  probably  demonstrated  the  propriety 
of  this  line  of  conduct.  If  so,  is  it  possible  that  a  limit  to  the  reduc- 
tion of  the  quantity  of  fuel  burnt  in  the  furnace  exists,  beyond  that 
imposed  by  a  want  of  ability  to  heat  the  air  entering  at  the  tuyei'es? 
With  a  manageable  amount  of  coke  or  charcoal,  the  blast  easily 
penetrates  the  mass  of  material  at  or  near  the  hearth,  by  burning  the 
carbon  it  meets,  but  this  ready  penetration  might  possibly  be  inter- 
fered with  were  this  carbon,  the  combustion  of  which  affords  access 
to  the  air,  reduced  below  a  certain  point. 

One  conclusion  nlonc  can  be  drawn  from  what  has  preceded  as  to 
the  use  of  charcoal,  viz.  that  when  it  is  doing  the  same  kind  of  work  us 
mineral  fuel,  the  carbon  employed  appears  to  be  practically  the  same  in 
quantity.  This  is  no  more  than  might  be  expected;  for  the  experiments 
of  Andrews,  and  those  of  Favre  and  Silberman,  do  not  indicate  any 
material  difference  between  the  quantity  of  heat  evolved  by  the  carbon 
contained  in  the  two  varieties  of  combustible. 

It  will  be  noticed  in  Mr.  Birkinbine's  returns,  that  the  weekly 
make  of  iron,  when  using  charcoal,  is  40  per  cent.*  in  excess  of  that 
when  using  coke,  and  above  70  per  cent,  over  that  when  using 
anthracite.  In  like  manner  the  actual  fiiel  consumed  is  35  per  cent, 
more  with  coke,  and  50  per  cent,  more  with  anthracite,  as  compared 
with  charcoal,  due  most  likely,  to  the  smallness  of  the  furnace. 
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There  is  no  doubt  that,  as  a  rule,  fiimaces  of  very  moderate  dimen- 
fflons,  using  charcoal,  are  able  to  turn  oat  extraordinary  quantities  of 
iron.  Thus  I  visited  furnaces  in  the  state  of  Michigan,  47  feet  high 
and  Hi  feet  in  diameter  at  the  boshes,  which  had  produced  upwards 
of  300  tons  per  week. 

It  is  difficult,  in  the  absence  of  the  means  of  continued  observation, 
to  give  a  reason  why  the  two  kinds  of  fuel  should  vary  so  much  in 
point  of  produce,  if  this  really  be  the  fact,  seeing  that  there  is  by  no 
means  a  corresponding  difference  in  their  heating  power. 

Of  course  if  we  have  two  furnaces,  each  burning  the  same  weight  of 
coke  and  charcoal  in  the  same  time,  and  if  there  is  a  real  economy  of 
35  per  cent,  in  weight  of  combustible,  when  using  charcoal,  it  is  clear 
that  the  make  will  differ  in  nearly  the  same  ratio.  The  ore  being  the 
same  in  each  case,  its  reduction,  other  conditions  being  equal,  ought 
to  proceed  in  each  case  at  the  same  rate  in  point  of  time.  It  must  be 
remarked,  however,  that  the  other  conditions  are  not  equal.  We  have 
iu  the  case  of  charcoal  an  extremely  bulky  fuel,  and  in  coke  one  of  a 
very  much  denser  character — so  much  so  that  the  same  measure  weighs 
fully  twice  as  much  when  filled  with  coke  as  when  filled  with  chai'coal. 
This  means  that  the  smaller  quantity  (22*59  cwts.)  of  charcoal  will 
oocapy  about  one  and  a  half  times  the  cubic  space  of  that  of  the  larger 
qaantity  (31 '19  cwts.)  of  coke,  as  given  in  Mr.  Birkenbine's  paper. 

The  advantage  of  a  &ee  exposure  on  all  sides  of  the  ore  submitted 
to  the  reducing  gases  of  a  blast  furnace  may  be  inferred  from  what  has 
aheady  been  stated  in  these  pages.  I  have  proved  that  such  was  the 
case  by  direct  experiment  in  the  blast  furnace  itself;  and  it  seems 
consistent  with  reason  to  suppose  that  a  given  weight  of  ore,  dissemin- 
ated in  the  one  instance  more  or  less  perfectly  through  say  30  cubic 
feet  of  charcoal,  may  be  better  circumstanced,  as  regards  extent  of 
surface  exposed  to  the  gases,  than  the  same  weight  of  ore,  the  various 
morsels  of  which  were  only  separated  by  twenty  cubic  feet  of  coke. 
The  mere  fact  that  two  surfaces  of  ore  in  juxtaposition  are  both 
producing  carbonic  acid,  must  be  less  favourable  to  the  progress  of 
deoxidation,  than  where  this  action  in  the  one  piece  is  not  retarded  by 
the  presence  of  the  carbonic  acid  given  off  by  the  other. 

Thisy  and  other  circumstances  connected  with  the  relative  state  of 
mechanical  division  in  the  two  cases,  render  it,  perhaps,  possible  that 
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to  the  mere  difTerence  between  the  spaces  occupied  by  charcoal  and  coke 
may  be  ascribed  the  larger  amount  of  work  done  in  a  given  space  by 
the  charcoal.  In  comparing  the  work  really  done  by  each  kind  of  fuel, 
proper  allowance  must,  of  course,  be  made  for  the  large  additional  quantity 
of  limestone  rendered  necessary  by  the  employment  of  coke  or  anthracite, 
which  is  so  much  richer  in  ash  than  is  charcoal.  The  retardation  of 
the  reduction  of  the  ore  in  the  case  of  coke  necessarily  involves  a  larger 
consumption  of  fuel,  unless  a  commensurate  enlargement  of  the  furnace 
is  provided,  in  order  to  compensate  for  the  want  of  space.  Each  unit 
of  carbon  in  the  form  of  carbonic  oxide  is  unable  to  do  its  proper 
amount  of  duty,  either  by  want  of  readiness  in  reaching  certain 
portions  of  the  iron  oxide,  or  from  its  power  to  deoxidize  being  blunted, 
by  having  to  traverse  spaces  in  which  there  is  an  undue  proportion  of 
carbonic  acid.  The  consequence  of  either  of  these  events  is  the  neces- 
sity of  providing  a  fresh  supply  of  fuel,  to  do  the  duty  thus  left  undone. 

This  general  view  of  the  cause  of  the  higher  consumption  of 
mineral,  as  compared  with  vegetable  fuel,  would  appear  to  be  confirmed 
by  the  figures  contained  in  the  paper  of  Mr.  Birkenbine ;  for  it  will  be 
seen  that  when  anthracite  was  substituted  for  coke  the  consumption 
of  actual  carbon  suffered  a  farther  increase,  due,  on  the  present 
hypothesis,  to  the  still  greater  density  of  the  new  fiiel. 

Of  course,  when  these  modifications  of  behaviour  are  compensated 
for  by  suitable  enlargements  of  the  furnace  itself,  each  kind  of  fuel, 
without  reference  to  its  origin,  may  be  assumed  to  yield  a  full  and 
therefore  equal  measure  of  duty.  This  however  will  always  be  con- 
tingent on  its  suitability  in  this  respect  not  being  impaired  by  other 
circumstances — such  as  friability,  in  the  case  of  coke,  or  as  an  undue 
tendency  to  cake  in  the  case  of  coal,  which  may  render  their  use 
impracticable  or  inconvenient  in  any  form  of  furnace. 

It  is  scarcely  needful  to  add  that,  in  all  comparisons  between  the 
different  varieties  of  fuel,  regard  must  be  had  to  the  actual  fixed  carbon 
in  both ;  and  although  there  is  much  less  ash  in  charcoal  than  in  coke, 
yet  owing  to  the  facility  with  which  the  former  absorbs  moisture  and 
certain  gases,  the  latter  often  contains  in  reality  the  higher  percent- 
age of  carbon. 

Timber,  as  it  is  cut,  contains  far  too  much  water  to  be  employed  as 
a  source  of  heat  in  the  blast  furnace ;  indeed  the  cooling  effect  of  the 
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mere  expulsion  of  volatile  matter,  other  than  water,  renders  even  well- 
dried  wood  nnfit  for  the  iron  smelter.  In  some  charcoal  localities, 
however,  a  small  proportion  of  the  fdmace  ftiel  is  employed  in  a 
partially  charred  or  torrefied  state.  Bat  with  every  kind  of  fuel  the 
heat  evolved  by  the  combastion  at  the  tayeres  is  that  due  to  the 
oxidation  of  the  fixed  carbon,  and  to  that  alone.  In  other  words, 
any  combustible  matter  of  a  volatile  kind  contained  in  the  fuel  is  ex- 
pelled long  before  it  reaches  the  hearth. 

The  cost  of  charcoal  may  be  taken  to  range  from  25s.  to  408. 
delivered  at  the  blast  furnace,  while  that  of  coke  is  only  about  one-half 
this  price.  If,  as  I  believe,  weight  for  weight  as  much  work  can  be 
done  with  the  one  as  with  the  other,  it  is  clear  that,  as  a  mere  question 
of  economy  in  the  manufiEU^ture  of  pig  iron,  charcoal  has  no  chance  of 
entering  the  field  against  coke.  Although  these  figures  dispose  of  the 
question,  unless  in  exceptional  cases,  it  is  curious  to  compare  the 
resources  of  a  given  area  of  territory  in  respect  to  its  power  of  producing 
vegetable  and  mineral  fuel. 

Dr.  Percy^  gives  his  authority  for  stating  the  annual  production  of 
wood  from  an  acre  of  groimd,  allowing  the  ground  to  continue  in  the 
condition  of  forest.  The  following  figures  are  calculated  from  the 
data  contained  in  the  work  referred  to: — 

T.ft««ii*w  Oirto.  of  Dry  Wood 

VTestern  Slope  of  the  Voflges  Moantalns        25 

Black  Forest,  Baden,  Hornbeam         20 

Bo.  do  Silver  Fir 81 

Lake  Superior  district  ...        ...         ...        ...         ...         ...  29 

The  average  of  these  may  be  taken  at  26  cwts.  of  dry  wood  per 
annum.  At  one  place,  on  Lake  Superior,  40  cords  or  5,120  cubic  feet 
per  acre  (equal,  according  to  Dr.  Percy,  to  about  1,160  cwts.  of  dry 
wood,)  was  given  me  as  the  produce  of  a  wood  after  a  growth  of 
80  years.    This  is  equal  to  88*6  cwts.  of  dry  wood  per  acre  per  annum. 

Roughly,  the  composition  of  dry  wood,  exclusive  of  ash,  is  as  under : — 

Carbon  50.    Hydrogen  6.    Oxygen  48.    Nitrogen  1  -  100. 
The  ash  averages  1}  per  cent. 

Owing  chiefly  to  the  formation  of  hydro-carbons,  but  partly  to 
waste  in  charring,  the  actual  yield  of  charcoal  does  not  exceed  28  per 

^  Metallargy,  yolnme  on  Fnel,  p.  196. 
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oent.;  and  it  is  sometimes  as  low  even  as  15  per  cent.  Taking  it  at 
25  per  cent.,  we  have  an  acre  of  land,  according  to  the  figures  previously 
quoted,  affording  from  5  cwts.  to  9'65  cwts.  per  annum  of  charcoal  for 
each  cutting;  or  if  allowed  to  grow  for  35  or  40  years,  about  14|  tons 
per  acre. 

Now  it  is  a  moderate  computation  which  assigns  6  feec  thick- 
ness of  coking  coal  in  any  district;  and  after  making  aJlowanoe 
for  faults,  etc.,  an  acre  of  such  a  seam  ought  to  yield  89OOO  tons  of 
coaL  This  weight  of  raw  coal  is  capable  of  affording  5,040  tons 
of  coke.^  This  being  so,  it  follows  that  it  would  require  firom  ten 
to  twenty  thousand  years  for  an  acre  of  land  to  produce  as  much  char- 
coal as  a  similar  area  of  ground  can  give  of  coke.  That  the  acre  of 
ground  can  continue  to  produce  timber,  while  the  coal  land  is  ex- 
hausted, is  too  insignificant  under  the  circumstances  to  be  taken  into 
the  account — especially  as  the  removal  of  the  minerals  does  not  prevent 
the  surface  being  used  for  agricultural  or  forest  purposes. 

In  the  present  Section  attention  has  been  directed  exclusively  to 
those  kinds  of  fuel,  which  are  in  common  use  in  the  blast  furnace.  In 
many  localities  the  variety  of  coal  known  as  lignite,  found  in  later 
geological  formations  than  the  carboniferous,  is  somewhat  extensively 
worked.  I  visited  such  a  mine  in  Styria,  where  the  mineral  was  very 
pure  as  regards  ash,  with  a  fine  pitchlike  lustre;  but  it  contained  an 
unusually  high  percentage  of  volatile  matter. 

According  to  Dr.  Percy,  some  of  the  Austrian  lignites  only  affoixl 
about  54  per  cent,  of  coke,  and  the  coal  in  its  raw  state  contains  as 
much  as  12  per  cent,  of  ash.  lu  Styria,  where  fuel  is  dear,  a  small 
proportion  of  lignite  has  been  used  along  with  charcoal  in  the  blast 
famace. 

In  1876  a  trial  was  made  with  compressed  peat  at  one  of  the 
Vordernberg  furnaces.  Particulare  of  the  experiment  are  given  by 
Anton  Einigl.*^  When  about  29  per  cent,  of  the  total  weight  of 
fuel  was  peat,  the  remainder  being  charcoal,  the  actual  work  done 
was  such  that  one  ton  of  the  charcoal  was  worth  nearly  three  tons  of 
the  peat.    The  low  value  of  peat  as  a  blast  furnace  fuel  is  due  to  the 

^  This  assumes  that  all  the  mechanical  work  is  performed  by  the  waste  heat  of 
the  coke  ovens. 

'  Zeitschrift  des  berg-und  hiittenmannischen  Vereins,  Feb.,  1879. 


SBoriON  vn. — ^fuel  bequibed  in  blast  FUBKAGE.  ]  ill 

\argd  quantity  of  water  and  volatile  gases  it  contains.  Of  the  really 
uaefnl  oonstitnent,  vis.  fixed  carbon,  it  only  gave  in  this  case  32  per 
cent. 

The  statements  just  made  in  reference  to  lignite  and  peat  may  be 
accepted  as  an  indication  of  the  great  inferiority  of  these  varieties  of 
fael,  as  compared  with  charcoal  or  ordinary  coke,  for  the  pmrpose  of 
smelting  iron. 

It  has  on  certain  occasions  been  proposed,  indeed  it  has  been 
actually  attempted,  to  employ  a  portion  of  the  fuel  required  for  smelt- 
ing iron  by  blowing  it  in  at  the  tuyeres,  and  this  in  the  solid  as  well 
as  in  the  gaseous  and  liquid  forms.  It  needs  but  little  consideration 
to  ensure  the  rejection  of  all  such  schemes. 

We  have  already  seen  that  each  imit  of  coke  employed  in  the  blast 
fumaoe  is  not  burnt  until  it  is  charged  by  the  escaping  gases  with  the 
heat  given  off  by  2*33  units  previously  consumed.  Cold  fuel  presented 
to  the  blast  at  the  tuyeres  would  tend  seriously  to  re&igerate  that 
region  of  the  furnace  where  a  very  intense  temperature  is  indispensable. 
£aw  coal,  tried  in  Belgium,  blown  in  at  the  tuyeres,  was  accompanied 
by  an  additional  inconvenience,  viz.  the  absorption  of  heat  attending 
the  distillation  of  the  gaseous  constituents  of  this  description  of  fuel. 
After  a  lengthened  trial  it  was  finally  abandoned. 

In  the  United  States,  light  carburetted  hydi'ogen  occurs  in  Nature 
in  such  quantities  and  at  such  pressures,  that  the  opportunity  presents 
itself  of  an  economical  application  of  this  gas  to  the  smelting  of  iron, 
were  such  application  practicable.  However  useful  the  hydrogen,  which 
forms  25  per  cent,  of  the  weight  of  this  gas,  may  be  in  a  reverbera- 
tory  fdmaoe  (in  which  it  is  used  at  Pittsburg),  this  element  is  useless  or 
all  but  useless  in  the  blast  fomace— carried  off  as  it  is  unchanged  in  the 
gases.  The  liquid  hydrocarbons  no  doubt  are  much  better  adapted  lor 
smelting  purposes  than  those  which  are  gaseous,  inasmuch  as  they  are 
much  richer  in  carbon.  Their  use  however  would  be  attended  with 
the  same  inconvenience  as  that  which  accompanies  that  of  raw  coal, 
viz.  a  cooling  effect  upon  the  zone  of  fusion.  This,  and  their  suita- 
bility for  purposes  of  illumination,  for  which  they  command  higher 
prices  than  can  be  afforded  for  smelting  iron,  render  it  highly  impro- 
bable that  we  shall  see  a  repetition  of  the  experiment  which  was  tried  in 
Canada  for  using  petroleum  in  the  blast  furnace. 
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A  claim  has  been  put  forward  on  behalf  of  the  blast  famace,  dnring 
the  course  of  the  present  work,  for  the  completeness,  as  compared  with 
other  processes,  with  which  it  utilizes  the  heat  which  is  generat^ed  in 
its  interior. 

Great  loss  is  almost  inseparable  from  all  the  various  modes  in 
which  heat  is  applied.  As  might  be  expected,  by  far  the  best  results 
are  obtained  when  a  moderate  temperature  only  is  required  to  be  cjom- 
municated  to  the  matter  under  treatment;  such  for  example  as 
in  the  evaporation  of  water.  There,  a  vast  volume  of  flame  quickly 
communicates  its  heat  to  the  contents  of  the  much  colder  boiler.  As 
is  well  known,  how^ever,  the  hot  gases,  as  they  cool,  impart  their  heat 
more  and  more  slowly  to  the  hot  water,  through  the  plates  of  the 
boilers  containing  it;  and  thus  even  here  a  considerable  amount  of  the 
useful  efiect  of  the  fuel  is  necessarily  lost  at  the  chimney. 

It  is  not  an  uncommon  thing  for  water  to  be  supplied  to  steam 
boilers  at  nearly  its  boiling  point;  but  to  make  allowance  for  this 
there  is  set  down  in  the  accompanying  table  the  theoretical  quantity 
of  water  capable  of  being  evaporated  by  one  lb.  of  coal,  when  beginning 
with  water  at  0^  C.  (32°  F.)  and  at  100°  C.  (212°  F.) 


Prasmire  of  steam 
abore  Atmosphere. 

LbB.  of  Water  eraporatedper  Pomid  of  OoaL 
From  0«  C.             From  100»  0. 

60  lbs. 

1217         ...         14-87 

100,, 

1204         ...         14-20 

150  „ 

11-98        ...        1411 

Now  8^  to  10  lbs.  of  water  evaporated  has  been  returned  to  me, 
by  one  of  our  best  marine  engine  builders,  Mr.  G.  Y.  Blair,  as  the 
average  duty  of  1  lb.  of  coal  in  marine  boilers  ;  although  as  much  as 
11*8  has  been  obtained  in  his  experience.  Adopting  10  as  the  basis 
of  calculation,  and  14  as  the  possible  duty,  there  is  a  loss  of  nearly 
80  per  cent.  The  loss  is  easily  accounted  for — a  certain  amount  is 
due  to  radiation,  etc.,  but  the  main  part  is  that  incurred  at  the 
chimney,  where  the  products  of  combustion  are  often  red  hot,  or 
probably  at  1,000°  to  1,200°  F.  (588°  to  649°  0.)  The  subjoined 
figures  show  the  loss  incurred  by  the  gases  leaving  at  various  tem- 
peratures, supposing  the  usual  excess  of  air  (100  per  cent.),  observed  as 
being  generally  present. 


Tempenture 

of 
Waste  0mm. 

Unite  of  HMi  oonUined 

in  WMte  OaMt  produced 

b7  one  Kilo,  of  CoaL 

LoMonHe»t 
erolTed 
perOent. 

100°  C. 

606 

6-4 

200 

1,012 

12-8 

800 

1,618 

191 

400 

2,026 

25-5 

600 

2,580 

31-9 

600 

8,087 

88-8 
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Unite  of  best 

erolTedby 

oneKilaof  OoaL 

7,980         . . . 

„ 

It  ••• 

„  ... 

„ 


With  locomotiye  engines  matterB  are  even  worse  than  in  the 
marine  engine.  On  the  North  Eastern  Railway,  the  returns  made  me 
bj  Mr.  Edward  Fletcher  show  that  a  mere  fraction  aboye  7  lbs.  of 
water  evaporated  per  pound  of  coal  is  the  average  obtained;  which 
may  be  taken  as  indicating  a  loss  of  50  per  cent,  of  the  heating  power 
of  the  fael  nsed. 

Large  as  the  waste  of  heat  is  in  steam  boilers,  it  is  infinitely 
greater  in  reverberatory  furnaces.  In  such  cases  the  temperature 
required  is  usually  very  intense,  and  the  structure  being  small 
and  the  walls  thin — because  otherwise  they  would  melt — the  loss  from 
radiation  and  convection  is  very  considerable.  The  main  loss,  how- 
ever, most  commonly  arises  from  the  circumstance  that,  the  whole  of 
the  floor  of  the  furnace  requiring  to  be  intensely  heated,  the  gases 
pass  off  at  the  far  end  almost  as  hot  as  they  are  next  the  fire- 
place. Entering  the  chimney  direct  frx)m  the  material  under  treat- 
ment^ they  of  course  carry  off  with  them  a  very  large  proportion 
of  the  heat  of  the  fuel  burnt  on  the  grate;  and  it  was  estimated 
by  M.  Erans  of  Louvain  that,  from  this  and  the  causes  previously 
mentioned,  not  above  10  per  cent,  of  the  effective  power  of  the 
coal  is  rendered  available.  It  is  only  necessary  to  look  at  the  chimneys 
of  the  ordinary  furnaces  in  our  mills  and  forges,  to  be  satisfied  how 
enormous  must  be  the  loss  attending  their  use. 

Some  improvement  has  been  made  in  late  years  in  such  furnaces, 
by  employing  a  portion  of  this  waste  beat  for  raising  steam;  but  the 
actual  loss  still  amounts  to  a  very  large  percentage  of  the  total  power  of 
the  coal  burnt. 

Mention  has  already  been  made  of  the  Siemens  furnace,  in  the 
construction  of  which  the  same  principle,  which  secures  so  large  a  part 
of  the  economy  of  the  blast  furnace,  has  been  applied.  In  the  latter 
we  have  seen  how  vast  an  amount  of  heat  is  caught  up  by  the  descend- 
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ing  solids  and  brought  back  to  the  hearth,  instead  of  being  permitted 
to  escape  uselessly  into  the  atmosphere.  So  it  is  with  the  Siemens' 
fnmace;  the  products  of  combustion  leave  the  working  bed  at  ao 
intensely  high  temperature,  but  conmiunicate  a  considerable  portion  of 
their  heat  to  the  so-called  regenerators;  which  heat  is  returned  to  the 
furnace,  by  the  gas  and  air  which  subsequently  enter  it.  Compared 
with  the  blast  furnace,  however,  the  apparatus  in  question  is  small  in 
its  dimensions,  and  hence  the  loss  from  radiation,  etc.,  is  much  greater. 
This,  added  to  the  circumstance  that  the  coal  is  all  converted  into  gas, 
by  partial  combustion  in  a  separate  furnace,  or  producer,  lessens  the 
beneficial  effect  obtained  from  the  Siemens  furnace,  which,  according 
to  Mr.  Erans,  does  not  utilize  above  20  to  25  per  cent  of  the  full 
power  of  the  fuel. 

When  the  conditions  under  which  fiiel  is  burnt  in  a  blast  frimaoe, 
and  those  of  its  appropriation  in  smelting  iron  are  considered 
together,  it  is  easy  to  perceive  how  immeasurably  these  are  superior  to 
any  other  form  of  apparatus,  in  which  heat  of  great  intensity  is  applied. 
Radiation  and  convection  depend  on  time  and  on  surface.  The 
shorter  the  time,  speaking  generally,  and  the  smaller  the  space  in 
which  a  given  quantity  of  fuel  is  consumed,  the  less  will  be  the  losses 
arising  from  these  two  causes. 

In  one  of  our  large  furnaces,  about  a  cwt.  of  coke  per  minute  dis- 
appears before  the  blast  at  the  tuyeres  in  a  space  of  two  or  three  cubic 
feet.  The  walls  of  the  hearth  are  there  of  considerable  thickness,  so  that 
the  escape  of  heat  through  them,  looking  at  the  quantity  evolved,  is 
insignificant.  In  the  higher  portions  of  the  building,  the  masonry, 
although  thinner  than  it  is  at  the  well,  is  much  stronger  than  in  any 
reverberatory  furnace.  Again,  a  mass  of  heated  material,  filling  a 
cylindrical  shaft  varying  from  12  to  25  feet  in  diameter,  has  an 
infinitely  smaller  surface  exposed  to  the  cooling  influence  of  the  atmos- 
phere than  happens  in  the  case  of  buildings  of  smaller  magnitude, 
such  as  any  reverberatory  furnace.  The  effect  is,  according  to  obser- 
vations I  made  on  such  a  furnace,^  that  something  under  4  per  cent 
comprises  the  whole  loss  from  radiation  through  the  walls  of  the 
structure.  Again,  the  sensible  heat  escaping  from  the  blast  furnace 
with  the  products  of  combustion  is  incomparably  smaller  in  proportion 

<  ^  Development  and  Appropriation  of  Heat.*'    Transactdons  Iron  and  Steel  Institate. 
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than  that  from  the  general  ran  of  fnmaces  where  high  temperatures 
are  required.  This  will  be  at  onoe  admitted  on  contrasting  the  waste 
from  this  cause — only  about  10  per  cent,  in  fomaces  of  the  best  con- 
struction— ^with  the  losses  occurring  in  connection  with  steam  boilers 
and  other  forms  of  furnace. 

Against  the  heat  evolved  in  the  blast  furnace  has  to  be  set  the 
drawback,  that,  something  under  one-third  of  the  carbon  is  capable 
of  being  oxidized  to  the  form  of  carbonic  add;  this  gives  the 
average  heat  units  evolved  per  unit  of  carbon  as  something  under  4,266 
instead  of  8,000^,  which  latter  figure  obtains  with  combustion  in  the 
ordinary  fire-place  of  a  reverberatory  furnace. 

Nevertheless,  the  quantity  of  heat  actually  appropriated  in  the 
blast  fiimace,  per  unit  of  carbon  burnt,  is  of  a  much  higher  character 
than  it  can  be  with  the  more  perfect  combustion  of  any  ordinary 
grate;  and  to  this  advantage  has  to  be  added  that  of  the  imperfectly 
oxidized  carbon,  leaving  as  carbonic  oxide,  being  applicable,  and  being 
actually  applied,  to  useful  purposes,  after  it  has  discharged  its  duty  in 
the  smelting  of  the  ore. 

Let  us  follow  out  the  figures  illustrating  the  work  performed  by  a 
blast  furnace,  smelting  20  units  of  iron  from  Cleveland  ironstone, 
with  11  units  of  limestone  and  21  units  of  coke,  a  task  which,  with 
fuel  of  good  quality,  has  often  been  accomplished. 

Assuming  the  ash  and  water  in  coke  to  amount  to  7^  per  cent.,  we 
have  in  21  units  of  this  combustible  19'43  units  of  actual  carbon. 
Prom  this  must  be  deducted  '60  units  of  carbon  dissolved  by  the  iron 
itself,  leaving  18'83  units  which  have  to  serve  as  the  origin  of  the  heat 
upon  which  the  following  calculation  is  founded. 

The  total  number  of  heat  units  capable  of  being  afifbrded  by 
18*83  units  of  carbon,  when  all  is  burnt  to  carbonic  acid,  is  (18*83  x 
8,000)  150,640.  Taking  the  amount  of  carbon  which  escapes  from  a 
coke  furnace  in  Cleveland  as  carbonic  acid,  per  20  units  of  metal, 
to  be  5*85  units  instead  of  6*68,  which  latter  is  the  theoretical  maxi- 
mum quantity,  we  have  6*85  units  leaving  the  furnace  fully  oxidized, 
and  12*98  as  carbonic  oxide. 

*  1  C  X  8,000  «  8,000  unit8  evolved  when  1  unit  of  carbon  is  burnt  to  CO,, 

—^ —  4,266    do.      1    do.         do.     i  to  CO,  and  I  to  CO. 

l^tli  exclusive  of  the  heat  in  the  bUst. 
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Now  5-85  X  8,000  +  12*98  X  2,400  =  77,952  calories  or  heat 
units.  This  number  amounts  to  51'76  per  cent,  of  the  total  heat 
(150,640  units),  capable  of  being  afforded  by  the  fuel  were  it  com- 
pletely saturated  with  oxygen,  *.«.,  were  it  aU  burnt  to  the  state  of  car- 
bonic acid.  Inasmuch,  however,  as  about  12,000  units,  obtained  by 
subsequently  burning  a  portion  of  the  furnace  gas  to  carbonic  acid,  is 
returned  to  the  tuyeres  in  the  hot  blast,  we  have  (77,952  -|-  12,000) 
89,952  calories  as  the  number  really  to  be  placed  to  the  credit  of  the 
coke  consumed;  which  brings  up  the  actual  development  inside  fclie 
furnace  to  59*71  per  cent,  of  its  fall  power. 

Of  this  the  only  portion  which  can  be  regarded  as  not  usefully 
appropriated  in  the  furnace  is  that  arising  from  transmission  through 
the  walls,  and  that  carried  off  in  the  gases.  It  will  suffice  for  the 
present  calculation  if  these  are  assumed  as  amounting  to  12,000 
units,  or  exactly  the  figure  representing  the  heat  supplied  in  the  hot 
blast.  This  leaves  us  therefore  with  the  result  that  we  have  applied 
advantageously  51*75  per  cent,  of  the  full  heating  power  of  the  fuel 
for  furnace  work. 

We  have  now  to  deal  with  that  heat  which,  having  been  excited 
in  the  furnace,  leaves  it  in  a  sensible  form;  to  which  has  to  be  added 
that  capable  of  being  evolved  by  the  complete  combustion  of  the  par- 
tially oxidized  carbon,  escaping  from  the  tunnel  head  as  carbonic  oxide. 
I  have  caused  observations  bearing  on  this  question  to  be  made 
specially  for  this  purpose,  on  a  furnace  smelting  Cleveland  stone,  with 
a  consumption  of  21*44  units  of  coke  and  10*12  of  limestone  per 
20  of  pig. 

The  gases,  in  this  particular  case,  were  escaping  at  an  average 
temperature  of  630°  F.  (332°  C.)i  and  for  20  units  of  meCal  had  the 
following  estimated  weight,  as  ascertained  by  analysis: — 

Unite.  Unite. 

Nitrogen       78'42  equal  to  95*76  of  l)last 

Carbonic  acid           22*18  do.        6*04  of  carbon 

Carbonic  oxide         82*31  do.      13*86        do. 

Hydrogen  *08  and  water  '45  ...  '58 

128*44 


'  A  small  portion  of  this,  it  is  difficult  to  say  exactly  how  mach,  is  due  to  the 
ironstone  being  charged  warm  from  the  kUns. 
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The  blast  (95-75  units  weight)  was  heated  to  931°  P.  (500^*  C), 
and  contained  therefore  11,345  units;  and  128*44  units  of  escaping 
gases,  at  630*^  F.  (332^  C),  would  carry  away  10,232  units. 

The  heat  evolved  by  the  carbon  oxidized  is  6*04  x  8,000  +  18'86 
X  2,400  =  81,584  calories,  or  51*25  per  cent,  of  the  fiill  power  of 
the  fael. 

The  heat  placed  at  our  disposal  in  the  escaping  gases  is  as  follows: — 

Heat  Unite. 
Sensible  heat  in  the  gaaes,  as  given  above      10,232 

Combustion    of    carbon    in    carbonic    oxide,    to    state  of 

carbonic  acid       18'86  x     6,600  -  77,616 

Combustion  of  hydrogen  in  gases  ...  '06x34,000         2,720 

90,568 


It  happens,  unfortunately  for  the  calculation  we  are  considering, 
that  there  was  a  considerable  excess  of  gas  over  and  above 
that  required  for  steam  purposes,  and  for  heating  the  air.  This  has 
been  estimated  in  different  ways  to  amount  to  a  proportion  varying 
from  15  to  28  per  cent,  of  the  whole.  As  such  estimates  can  only  be 
regarded  as  approximate,  from  the  continual  changing  of  one  or  more 
of  the  conditions  involved,  the  escape  from  this  cause  may  be  assumed 
at  an  average  figure;  and  then,  instead  of  having  to  account  for  90,568 
calories,  we  may  deduct  one-fifth,  which  leaves  72,454  as  the  number  for 
which  appropriation  has  to  be  found.    This  appropriation  consists  of 

Oftloriet. 

A.  Heat  in  steam  supplied  to  non-condensing  engines    28,118 

B.  Do.  in  blast  ...         ...         ...         ...         ...     11,345 

C.  Do.  in  gases  entering  chimneys 26,779 

66,242 

D.  Leaving  for  radiation,  etc.  6,212 

72,464 

In  respect  to  A  and  B,  the  volume  of  steam  was  accurately 
estimated  from  the  speed  of  the  various  engines,  and,  the  weight  of 
blast  being  known,  the  quantity  of  heat  for  these  two  sources  of  con- 
sumption is  easily  ascertained. 

The  loss  from  the  chimneys  (0)  is  necessarily  large  (being  87  per 
cent,  of  the  whole),  on  account  of  the  very  large  volume  of  gaseous 
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matter  accompanying  the  combustion  of  a  fuel  such  as  carbonic  oxide, 
dihited  with  carbonic  acid  and  nitrogen,  and  which  is  capable  of 
affording  so  small  an  amount  of  heating  power  as  compared  with 
solid  fuel. 

The  quantity  of  free  air  is  considered  to  be  20  per  cent,  in  excess 
of  that  representing  complete  saturation  of  the  carbonic  oxide;  and 
the  observed  temperatures  in  the  chinmeys  being  802°  P.  (428°  C),  we 
have  the  26,779  units  of  loss  from  this  cause. 

The  heat  under  D,  representing  disappearance  ^m  radiation,  etc.,  is 
8'5  per  cent,  of  the  whole,  and  is  simply  the  difference  between  the 
two  numbers  72,454  and  66,242. 

The  various  figures  given  in  this  last-mentioned  example  of  fomaoe 
working  present  the  following  result : — 

The  fuU  equivalent  of  heat  capable  of  being  aiforded  bj      Units.       Unita. 
18'83  carbon  x  8,000  calories  is  equal  to      —       150,640 


The  application  is  as  under : — 

/  (a)  Furnace  work,  as  per  summary  already  given  p.  95  70,311 

S      \(b)  Heat  in  tuyere  water      1,800 

-g     •{  (c)  Heat  in  steam       ...         28,118 

^      I  ((f)  Heat  in  blast,  included  in  a  and  b        — 

(e)  AvaUable  heat  in  unutilized  gas,  say     10,837 


D 


111,066 


Waste. 


Radiation  at  furnace,  etc.,  p.  95      6,989 

Loss  at  chimneys,  at  boilers,  and  hot  blast  stoves  19,096 

Do.    radiation            do.                do.  6,212 

Do.  estimated  waste  in  using  unutilizedgas  7,277 


39,574 


Total  heat  accounted  for      150,640* 


Prom  this  statement  we  are  therefore  justified  in  inferring  that 
about  74  per  cent,  of  the  entire  heating  power  of  the  fuel  (111,066  : 
150,640)  is  or  may  be  beneficially  employed — an  amount  of  duty  not 
equalled,  so  far  as  I  know,  in  any  other  branch  of  industry  where  an 
elevated  temperature  is  required.  In  cases  where  the  temperature  is 
very  low  such  as  the  evaporation  of  water,  an  amount  of  economy 

'  The  loss  at  the  chimneys  is  reduced  in  this  estimate  as  compared  with  the 
amount  g^ven  in  the  previous  page,  otherwise  the  account  would  exhibit  an  exoe?^ 
ill  the  quantity  of  heat  to  bo  dealt  with.  Tliis  alteration,  however,  does  not  distarb 
the  percentage  of  heat  usefuUy  employed. 
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IS  practicable  which  is  imposrible  in  the  case  of  any  famace,  where 
the  highly  heated  escaping  gases  carry  off  a  veiy  large  amount  of  the 
heat  evolved. 

Having  now  dealt  at  some  length  with  the  extent  to  which  fdel  has 
been  economised  in  the  past,  little  remains  to  be  said  as  to  the  fotnre 
possibility  of  stiD  forther  reducing  this  important  item  in  the  cost  of 
making  pig  iron. 

So  long  as  the  ore  and  flux  remain  unchanged  in  quantity  or 
quality,  there  are  but  the  two  directions,  aheady  referred  to,  in  which 
any  relief  in  this  matter  need  be  considered,  viz.,  an  enlargement  of 
the  furnace,  and  an  increase  in  the  temperature  of  the  blast. 

As  regards  the  size  of  the  furnace  itself,  the  fact  of  there  being  a 
zone  of  heat  development  cbse  to  the  upper  sur&ce  of  the  materials, 
producing  thus  a  constancy  of  temperature  in  the  escaping  gases  after 
a  certain  height  is  reached,  has  led  me  to  infer  that  we  cannot  hope 
for  any  improvement  by  adding  to  what  has  been  already  done  in  this 
respect.  It  will  be  apparent  ftom  what  has  preceded  that  no  uniform 
law  can  be  laid  down  for  determining  the  height  of  the  blast  furnace. 
This  varies  greatly  according  to  the  different  minerals  under  treatment; 
because,  as  has  been  already  explained,  there  is  the  utmost  diversity  in 
the  readiness  with  which  they  are  reduced.  Instances  haye  been  quoted 
in  which  a  particular  ore  was  converted  into  pig  iron  in  four  hours 
after  being  charged  into  the  furnace,  while  the  ore  of  Cleveland,  with 
economical  working,  requires  about  seventy-two  hours  for  the  same 
process.  Speaking  from  many  observations,  I  imagine  we  may  assume 
that  for  many  of  the  magnetic  and  peroxide  class  (or  hematites),  and 
for  calcined  spathose  ores  a  height  of  80  to  40  feet  would  suffice  when 
using  charcoal,  and  perhaps  50  feet  were  coke  used.  For  the  hematites 
of  Cumberland,  Lancashire,  and  Spain  65  feet  would  probably  be  ample, 
while  as  we  have  seen,  something  like  80  feet  in  height  is  required  for 
the  refractory  ironstone  of  Cleveland. 

With  regard  to  the  utility  of  a  ftirther  enlargement  I  would  merely 

a^n  refer  to  the  performance  of  furnaces  of  11,500  cubic  feet  with  a 

height  of  80  feet.    The  coke  consumed  upon  the  occasion  of  a  recent 

examination  was  20'40  cwts.  and  the  heat  evolved,  including  11,724 

calories  contained  in  the  blast,  amounted  to  4,155  calories  per  unit 

of  coke. 

J 
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After  making  an  allowanoe  for  the  heat  contained  in  the  ironstone, 
the  heat  in  the  escaping  gases  appeared  to  be  5,265  calories  per  20  units* 
of  pig  produced.  The  actual  loss  in  coke  represented  by  this  escape 
of  heat  was  therefore  ^|f  J  =  1*26  cwts.  of  coke  per  ton  of  iron,  which 
is  the  margin  of  economy  any  addition  to  the  size  of  the  furnace  could 
effect  were  it  possible  in  an  economical  sense. 

With  regard  to  the  second  alternative,  viz.  the  temperature  of  the 
blast,  I  have  shown  that  air  used  at  1,600^  F.  to  1,700^  F.  instead  of 
1,000°  F.  was  only  followed  by  a  saving  of  about  1  cwt.  of  coke  per 
ton  of  iron,  and  that  it  would  be  very  difficult,  if  not  impossible,  to 
raise  the  temperature  of  the  air  beyond  1,700^  F.  in  the  expectation 
of  effecting  further  saving  of  any  moment. 

Under  such  circumstances,  so  far  as  the  consumption  of  fuel  in  the 
fiimace  itself  is  concerned,  I  cannot  indulge  in  the  hope,  that  we  shall 
see  any  sensible  amelioration  in  the  performance  of  weU  appointed  and 
well  conducted  establishments.^ 

In  what  has  been  said  with  regard  to  using  furnaces  of  unnecessary 
dimensions  it  must  be  borne  in  mind  that  the  limitation  of  size  is  here 
discussed,  simply  as  a  question  of  economy  in  fael.  Twelve  thousand 
cubic  feet  may  suffice  for  a  thorough  exhaustion  of  the  gases,  when 
smelting  Cleveland  stone — ^probably  one  of  the  most  refractory  of  the 
ores  of  iron;  but  it  does  not  follow  that  considerations  connected  with 
a  more  profitable  application  of  labour  may  not  cause  a  famace  of 
double  this  capacity  or  more  to  be  preferred  in  point  of  economy. 

^  Of  course  I  exclude  from  present  consideration  any  better  application  which 
may  he  made  of  the  waste  gases,  by  the  use  of  different  engines  or  otherwise. 
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ON  THE  SOLID  PRODUCTS  OP  THE  BLAST  FURNACE. 

Of  the  snbstanoes,  which  the  title  of  the  present  heading  is  intended 
to  include,  the  pig  iron  is  of  course  the  most  important  The  slag,  or 
cinder  as  it  is  nsoallj  styled,  next  demands  consideration,  because  it 
constitutes  the  principal  index  of  the  performance  of  the  furnace  itself. 
A  third  body  which,  for  our  present  object,  may  be  classed  among  the 
solid  products,  is  the  vast  yolume  of  white  stnoke  which  is  seen  leaving 
most  furnaces,  and  which  is  particularly  conspicuous  in  the  treatment 
of  Cleveland  ironstone  and  of  some  others. 

CkLsi  Iron  requires  the  presence  of  only  two  elements  for  its 
formation,  the  metal  itself  and  carbon:  that  is,  a  compound  consisting 
exclusively  of  these  two  substances  may  be  formed,  which  would  be 
fosible  at  a  moderate  temperature.  It  is  strictly  true,  however,  to  say 
that  pig  iron,  as  run  from  the  blast  furnace,  always  contains  other 
matter,  which  may  to  some'  extent  be  regarded  as  foreign  to  its 
essential  composition.  This  impurity,  as  it  may  be  considered,  often 
includes  several  different  elements,  and  as  Cleveland  iron  will  serve 
as  an  illustration  of  this  complex  composition,  five  analyses  of  this 
make  are  subjoined : — 


Ko.l. 

No.  8. 

Ko.4. 

MotOad 

White. 

Iron 

...    92-48 

98-66 

94-64 

98-69 

98-20 

Cturbon    ... 

...      8-76 

8-41 

2*66 

8-55 

8-20 

SUiooii    .., 

...      1-70 

•88 

1-87 

•66 

•64 

Sulphur  ... 

•13 

•17 

Trace 

•36 

•20 

Fhosphomfl 

...      1-24 

1-28 

1-00 

1-06 

1-82 

Manganese 

•80 

•87 

•98 

•79 

-60 

Oaldom,  ICagneaiam, 

andTitanion 

A 

•62 

•46 

Trace 

-88 

182 

100-17 

10018 

10110 

100-32 

100-48 
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Against  iron  containing,  as  in  the  examples  just  given,  8  to  4  per 
cent,  of  substances  which  are  not  essential  to  its  composition,  some  of 
which,  if  not  removed,  are  for  certain  purposes,  absolutelj  injurious, 
maj  be  set  the  analysis  of  other  varieties  of  pig,  in  which  some  of  the 
above-named  elements  are  either  wanting  or  are  found  in  greatly 
diminished  quantities.  The  following  are  examples  of  analyses  taken 
ttom  Dr.  Percy's  work — a  fact  which  may  be  accepted  as  a  guarantee 
for  their  correctness. 


Carbon  ' 

SUicon     

Sulphur 

Phosphorus 
Manganese 
Iron  by  difference 


LOCATJTT. 

Unknown. 

NoTftSoofeb. 

2-891 

4-20 

3-27 

•880 

•08 

•87 

•005 

Trace. 

•01 

•06 

•28 

— 

•10 

•37 

96-274 

96-57 

95-70 

100- 

100- 

100- 

It  is  now  above  50  years  since  Neilson  introduced  the  use  of  hot 
air  in  the  blast  furnace;  and  it  is  a  somewhat  remarkable  fact  that 
even  to-day  there  is  an  absence  of  a  complete  and  systematically 
conducted  course  of  experiments,  to  prove  that  cold  blast  iron  is 
really,  as  is  pretended,  superior  in  point  of  strength  and  quality  gen- 
erally to  that  made  with  hot  blast.  On  the  face  of  it,  there  are  some 
obvious  reasons  why  hot  blast  iron  should  be  purer  and  therefore 
stronger,  looking  at  the  nature  of  the  impurities,  than  that  made 
with  cold  blast.  All  mineral  fuel  contains  phosphorus  and  sulphur; 
in  that  of  one  of  the  most  renowned  works  in  Great  Britain  the 
former  varies  from  '025  to  '110  per  cent.,  and  the  sulphur  exists  to 
something  like  *5  per  cent.  If  we  assume  that  the  consumption  of 
fuel  is  reduced  from  40  cwts.  to  30  cwts.  per  ton  of  iron,  we  secure  a 
corresponding  reduction  in  the  quantity  of  phosphorus  in  the  iron; 
and  the  sulphur,  a  portion  of  which  at  all  events  finds  its  way  into 
the  metal,  is  also  reduced  in  quantity. 

There  is  a  kind  of  vague  idea  among  the  advocates  of  cold  blast 
iron,  that  the  alleged  higher  temperature  of  a  hot  blast  furnace  affects, 
in  some  way  they  have  never  explained,  the  quality  of  the  iron  it 
produces.    It  is  stated  by  Sir  W.  Fairbaim  and  others  that  the 
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repeated  application  of  heat  to  solid  iron^.  cast  or  wrought^  does 
deteriorate  its  quality;  probably  owing,  I  imagine,  to  a  new  arrange- 
ment of  its  molecules,  to  a  change  in  chemical  composition,  or  to  an 
occlnsion  of  oxygen  or  other  gaseous  matter.  But  there  does  not 
exist  any  proof  that  any  such  effect  takes  place,  or  could  take  place, 
in  the  blast  furnace,  even  were  the  temperature  higher  when  it  is 
blown  with  hot  air  than  with  cold.  But  there  is  really  no  substantial 
ground  for  pretending  that  the  hearth  of  a  cold  blown  furnace  is  not 
quite  as  hot,  taking  it  as  whole,  as  that  of  one  receiving  heated  air. 
The  quantity  of  heat  evolved  in  the  two,  so  far  as  combustion  of  fuel 
is  concerned,  is  actually  higher  in  the  cold  than  in  the  hot  blast 
fiimace.  Neglecting  the  ash  in  both  cases,  we  have  the  following 
figures,  representing  the  carbon  used  per  20  units  of  iron : — 

Oalories. 
Cold  blast  furnace,  takinff  the  air  1  .        . 

.XI.   iL^    .  I  *      *     r  ^  ^^^  ^  «»^n  ^  2,400  -  96,000 

even  at  the  freezing  point  of  water  )  ^^--— 

Mot    blast    furnace,    receiving   its  )  30  units  of  carbon  x  2,400  »  72,000 

air  at  about  900°  F.  (482°  C.)    ...  J  Calories  in  blast  »  16,600 


88,600* 


Besides  this,  if  we  are  to  believe  that  the  quality  (or  greyness)  of 
the  metal  depends  on  the  actual  temperature  to  which  it  is  exposed 
in  the  blast  furnace,  what  becomes  of  the  pretended  differences  of 
temperature  between  the  use  of  hot  and  cold  air,  both  running  the 
same  quality  of  iron? 

Again,  let  us  consider  the  probable  effect  of  an  increase  of  he^t  on 
the  behaviour  of  the  elements  found  in  combination  with  iron  in  its 
form  of  pig. 

Eeasons  have  already  been  adduced  for  believing  that  an  elevation 
of  temperature  strengthens  the  affinity  of  sulphur  for  lime  or  calcium, 
at  all  events  less  is  found  in  iron  nm  from  a  hot  working  furnace  and 
I  am  not  aware  that  tihere  is  any  information  to  show  that  any  possible 
differences  of  heat  can  affect  the  action  of  phosphorus  in  its  behaviour 
towards  iron  during  the  process  of  smelting.    With  regard  to  calcium 

*  These  figures  are  those  which  set  forth  the  heat  evolved  in  smelting  iron  in 
furnaces  of  small  dimensions.  The  carbon  burnt  in  large  furnaces  is  very  much 
less,  and  would  illustrate  the  argument  in  a  still  more  striking  M-aj. 
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and  the  other  metals,  it  is  not  improbable  that  an  increase  of  tempera- 
ture might  be  accompanied  by  a  larger  amount  of  these  in  the  pig; 
but  I  know  of  no  instances  where  anj  ill  efTects  have  been  connected 
with  their  presence. 

In  the  hope  of  throwing  some  light  on  this  question,  advantage 
was  taken  during  the  blowing  out  of  one  of  the  Clarence  fdmaoeSy  to 
reduce  the  burden  and  use  the  blast  cold.  The  iron  was  white  and 
had  the  composition  given  below.  Alongside  this  analysis  is  placed 
an  example  of  white  iron  made  with  hot  air. — 

Gold  Blaal,  White.       Hob  Bliat,  While. 


Carbon 

3-85 

3*20 

SUicon 

•33 

•64 

Sulphur 

...      Trace 

•20 

PhosphoroB   ... 

rsr 

1-32 

Calcium,  etc.... 

...                •tfil 

1-32 

•28 

•60 

$•68 

728 

Iron   ... 

...      95-10 

93-20 

100-78 

100-48 

From  these  figures  it  will  be  seen  that  the  most  notable  difference 
is  in  the  silicon,  but  that  most  of  the  other  substafices  are  in  less 
quantities  in  the  cold  than  in  the  hot  blast  iron.  At  the  same  time 
the  short  duration  of  the  experiment  does  not  afford  sufficient  data  to 
speak  with  much  confidence  on  the  relative  quality  of  the  metal.  On 
puddling  the  pig  so  made,  the  malleable  iron  showed  no  kind  of 
superiority  over  that  smelted  with  hot  air. 

Viewing  the  question  as  one  of  the  application  of  pig  iron  to  cast- 
ings, the  late  Sir  "William  Pairbaim,  F.R.S.,  published  some  experi- 
ments undertaken  for  the  purpose  of  determining  the  kind  of  metal  to 
be  used  in  the  construction  of  the  High  Level  Bridge  at  Newcastle-on- 
Tyne. 

This  competent  authority  gives  in  a  table  the  following  results : — 

BroaUog  weight  amdled  to  Power  of  the  4|  ft  ben 

ben  1  in.  sq.,  beerlngs  H  ft.  apart  to  resist  Impeot 


Mln.       ATerage.  Max.        Mln.      Ai 

Cold  blast— 18  Specimens...     567        403         457  992        580         746 

Hotblastr-20        do.        ...    543        353         443  998        532         681 


40 

676 

•89 

40 

80 

40 

666 
682 

•80 
•80 

80 

602 

•82 

80 

684 

•71 

80 
180 

Not  given. 
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A  second  table  contains  the  following  : — 

BrMiUng  irai^t  applied  m  aboTe.  Maan  ultimate  deflaoUon-laohM. 

Max.         mn.      A¥«aca.  Max.        Iflii.     AToraca. 

Cold  blMt-^  SpecimenB  ...    698        602         669  •82-71-77 

Hot  blast— 9        do.         ...    676        472         665  -94        *68          766 

Do.  Anthracite —1  Specimen                               666  -80 

The  irons  nltimatelj  selected  for  the  Newcastle  Bridge  were  : — 

Parts.  Anakmf  weight     Deflection— faiidiM. 

Ridfldale  Na  3  hot  blast       ... 
Ystalyfera^  8       da 

Crawshaj  No.  1  cold  blast 
Blaenavon  „   1        do. 
Coalbrook  Dale  No.  1  cold  blast 
Scrap  chiefly    do. 


Bars  from  the  above  miztore,  tested  as  before,  supported  705  lbs. 
before  thej  broke,  and  deflected  *89  inches,  being  superior  in  strength 
and  power  of  deflection  to  Ridsdale,  a  Northumberland  iron,  which 
gave  the  best  results  when  examined  separately. 

It  woold  be  hazardous  for  any  one  to  pretend  from  the  above 
figures,  taken  as  a  whole,  that  cold  blast  iron  is  really  superior  for 
castings  to  hot  blast;  for  the  information  as  given  above  does 
not  settle  the  question  either  one  way  or  the  other.  Ridsdale  hot 
blast  may  be  better,  as  the  trials  would  indicate  it  to  be,  than  any 
of  the  brands  with  which  it  is  compared,  not  because  it  is  hot  blast, 
but  on  account  of  the  minerals  used  in  its  manu&cture.  Nothing 
short  of  the  two  systems  being  applied,  over  a  period  of  time,  to 
precisely  the  same  minerals  can  satisfactorily  -settle  this  question.  In 
the  list  compiled  by  Fairbaim  there  are  3  cases  given  of  the  same 
make  of  iron  smelted  with  cold  and  hot  air,  but  it  is  not  positively 
stated  that  there  were  no  differences  made  in  the  ore,  fuel,  and  lime- 
stone, conjointly  with  the  change  of  blast. 


Cold  Blast 

HotBlart. 

BroaUDg 
wdghl 

Power  to 
ra>ist  impact. 

BraaUiif 
weight. 

Power  to 
mist  impaot. 

Devon  No.  3,  Scotland    ... 

448 

868 

687 

689 

Carron    ,»  8,     do. 

444 

698 

620 

no 

Coedtalon  No.  2,  Wales   ... 

408 

600 

409 

771 
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Ab  far  as  these  last  trials  go^  thej  are  clearly  and  nnmistakeably  in 
favoar  of  hot  blast  iron. 

At  one  time  it  was  believed  by  many  that  any  deterioration  in  the 
quality  of  iron^  made  with  hot  air,  was  due  to  the  use  of  ores  of  an 
inferior  description  and  not  to  any  vital  difference  between  it  and  that 
smelted  with  cold  air.  I  do  not  believe  that  there  exists  any  real 
foundation  for  this  opinion,  at  the  same  time  it  is  quite  possible,  for 
i^asons  already  given  in  the  Section  dealing  with  the  theory  of  the 
hot  blast,  that  the  semi-vitrified  Scotch  Black-band,  first  largely  used 
with  hot  air,  required  for  its  successful  treatment  a  much  larger  furnace 
than  the  more  easily  permeated  clay-ironstones,  when  lightly  calcined, 
in  common  use  at  that  time.  It  might  thus  have  happened  that 
smelting  an  ore  in  a  furnace  too  small  for  its  treatment,  led  to  the 
belief  that  the  mineral  itself,  and  not  the  ftimace,  was  to  blame  for 
any  change  in  the  quality  of  the  product. 

Of  course  it  is  impossible  to  lay  aside  the  experience  of  impartial 
consumers  of  pig  iron,  who,  paying  a  high  price  for  an  article  i'or 
special  purposes,  must  have  satisfied  themselves  that  it  is  worth  the 
money.  No  doubt  the  iron  they  prefer  is  good,  and  it  is  cold  blast; 
but  is  it  good  because  it  is  cold  blast  ?  This  is  precisely  the  question 
which  has  not  perhaps  received  sufficient  attention. 

An  important  element,  in  considering  the  strength  of  a  materia 
like  cast  iron,  is  the  effect  produced  on  it  by  a  continued  exposure  to 
the  load  or  strain  it  has  to  bear;  and  also  the  manner  in  which  it  is 
affected  by  temperature.  Sir  Wm.  Fairbaim  reported  to  the  British 
Association  on  both  these  heads. 

It  may  be  urged  that  the  molecular  condition  of  bodies,  and  their 
power  to  withstand  a  continual  series  of  shocks,  are  but  little  under- 
stood, particularly  when  we  attempt  to  connect  these  attributes  with 
chemical  composition.  In  America,  for  example,  I  found  that  cold 
blast  charcoal  iron  was  infinitely  preferred  to  metal  smelted  with  hot 
blast,  for  chilled  railway  wheels.  Wrought  iron  or  steel  is  rarely 
used  under  railway  carriages  in  the  United  States,  cast  iron  being  the 
substance  employed ;  so  that,  on  nearly  one  hundred  thousand  miles 
of  American  railroad  abundant  opportunity  has  existed  over  some  years 
for  pronouncing  an  opinion  on  the  relative  merits  of  the  two  qualities 
of  iron.    It  was  uniformly  stated  the  cold  blast  iron  wheels  take  a 
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deeper  ^'chiLl/'  and  wear  much  longer  than  those  made  from  hot 
blast ;  the  same  charcoal  and  minerals  as  I  was  assured,  being  used  in 
both  cases. 

When  we  direct  our  attention  to  pig  iron  intended  for  the  forge, 
we  are  more  bewildered  than  ever  in  any  attempt  to  connect  superiority 
of  quality  with  cold  blast,  so  far  as  this  superiority  is  exhibited  by  any 
difference  of  chemical  composition.  The  analyses  of  the  produce  of 
the  cold  blast  furnaces  of  a  well  known  firm  in  the  West  Riding  of 
Yorkshire  are  as  follows : — 


QuUty  of  the  Plff  Iron  . . 

No.l. 

NO.S. 

No.  3. 

No.  4. 

Carbon  Qraphitic 

3-421 

3155 

3*361 

3-308 

„      Combined 

'583 

-681 

•393 

•319 

,»      Total  carbon 

4004 

3-736 

3*754 

3-627 

Silicon         

1-708 

1-646 

1-382 

1-381 

Sulphur       

•073 

•070 

•063 

-081 

Phoephorus 

•630 

-635 

•602 

-602 

Titanium     

Trace 

Trace 

Trace 

Trace 

Manganese 

1-606 

1-472 

1-476 

1-169 

8021 

7-559 

7-276 

6-860 

Iron ...         ...        ••• 

92-070 

92-644 

92-952 

93-292 

100091 

100-203 

100-228 

100-152 

The  following  analyses  give,  the  foreign  matters  associated  with 
other  brands,  also  of  cold  blast  iron : — 


No.  1. 

No.  2. 

No.  3. 

No.  4. 

Carbon     ... 

3-40 

2-88 

3-07 

303 

Silicon     ... 

136 

1-09 

1-48 

•88 

Salphnr   ... 

•07 

•08 

•03 

-04 

Phosphorus 

•29 

•38 

•43 

•31 

Manganese 

-28 

-66 

-96 

•27 

The  manner  in  which  these  five  substances  affect  the  quality  of  pig 
is  now  so  well  understood  that  the  iron  is  often  bought  on  analysis ; 
and  I  will  venture  to  say  that,  for  mill  purposes,  any  malleable-iron 
maker  would  prefer  the  last  four  brands  to  the  four  previously  given. 
The  only  difference  which  can  be  alleged  in  favour  of  the  former  is  that 
it  contains  more  manganese,  which  could  be  easily  and  cheaply  supplied 
in  the  shape  of  ferro-manganese.  Notwithstanding,  bars  and  plates  made 
from  the  first  series  sell  for  at  least  double  the  price  obtained  for  those 
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mann&ctnred  irom  the  second.  No  one  acquainted  with  the  Weet 
Yorkshire  irons  refiises  to  admit  their  great  claim  in  respect  to  quality; 
but  this  in  mj  judgment  is  more  due  to  the  extraordinary  care  used 
in  the  forge  and  mill^  than  to  any  unusual  excellence  in  the  pig  iron. 

The  recent  improvements  in  the  processes  for  obtaining  steel, 
either  by  the  pneumatic  plan  or  the  open  hearth,  were  made  at  a  time 
when  the  exclusive  reign  of  the  rule  of  thumb  was  beginning  to  decline. 
The  conditions  to  secure  success  were  diligently  studied,  and  no  ancient 
doctrine  was  adopted  unless  its  value  was  capable  of  demonstration. 
So  far  as  I  know,  neither  Bessemer  nor  Siemens  and  Martin  ever  had 
a  word  to  say  against  the  hot  blast.  But  a  more  striking  instance  even 
than  this  is  that  afforded  by  Sweden.  In  the  manu&cture  of  that 
quality  of  Swedish  iron  which  has  a  world-wide  reputation  for  cutlery 
steel,  no  new  process  is  rashly  introduced;  and  the  Swedish  iron- 
masters,  no  doubt  for  good  reasons,  adhere  to  the  use  of  the  old 
Lancashire  fire,  and,  for  the  highest  qualities,  have  forbidden  the 
introduction  of  the  puddling  furnace  into  their  primitive  forges. 

No  iron  making  community  in  the  world  is  more  dependent  for 
mere  existence  on  a  continuance  of  ancient  reputation  than  the  Swedes. 
They  saw  nothing  in  the  adoption  of  the  hot  blast  to  impair  their 
traditional  renown ;  and  I  believe  at  the  present  moment  the  use  of 
hot  air  is  the  rule  in  their  country. 

In  order  to  ascertain  the  behaviour  of  the  iron  in  relation  to  the 
four  metalloids  here  considered,  viz.  carbon,  silicon,  sulphur,  and 
phosphorus,  a  portion  of  slag  and  iron  was  withdrawn  from  one  of  the 
Clarence  furnaces,  just  above  the  tuyeres.  Three  specimens  of  the 
slag>  which  had  a  brownish  colour,  contained  respectively  '75  per  cent., 
*90  per  cent.,  and  1*2  per  cent,  of  iron  as  oxide.  Here  evidently  there 
was  still  unreduced  metal  in  the  cinder. 

The  slag  as  it  ran  from  the  furnace  was  grey,  and  only  contained 
•12  per  cent,  of  iron. 

It  would  appear  irom  the  following  analyses  that  the  iron,  which 
was  partly  very  hard  grey  and  partly  white,  had  not  taken  up  its  fUl 
measure  of  carbon  and  silicon  at  the  point  above  the  tuyeres.  The 
sulphur,  on  the  other  hand,  suffered  a  perceptible  diminution  in 
quantity  after  complete  fusion  at  the  tuyeres,  probably  due  to  its 
absorption  by  the  lime  in  the  cinder.    The  phosphorus  also  was  less 
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in  the  iron  mn  firom  the  famace,  than  in  the  sample  taken  firom  aboye 
the  tayeieSy  bat  the  dimination  was  insignificant. 


Ololmlai  from  abore 
tajsra. 

Nextcaatofiran, 
liohKaS. 

Combined  carbon 

•768 

•  •  • 

•521 

Graphitic 

2184 

2-897 
•924 

•  •  • 

8-112 

8-688 

1-798 

Silicon    ...        ... 

•  •• 

Sulphur 

•077 

•  •  • 

•050 

FhosphoniB        ... 

1-698 

■  •  ■ 

1-680 

We  may  now  proceed  to  consider  some  of  the  circumstances 
connected  with  the  union  of  these  metalloids  with  the  iron  in  the 
blast  furnace,  and  their  influence  on  the  quality  of  the  product. 

Gar  ban  is  well  known  to  possess  a  certain  affinity  for  iron;  but 
perhaps  it  would  be  more  correct  to  designate  their  union  in  cast  iron 
as  chiefly  due  to  the  property  on  the  part  of  the  metal  to  dissolve  the 
metalloid.  The  proportion  of  carbon  in  this  form  of  solution  never 
approaches  the  point  where  the  two  are  present  in  the  ratio  of  their 
combining  equivalents  (28  Fe  to  6  C,  or  4-66  to  1).  The  actual 
relation  between  the  two  is  nearer  6  equivalents  of  iron  to  1  equiva- 
lent of  carbon. 

When  the  metal  leaves  a  furnace  which  is  producing  rich  iron,  as 
it  loses  heat,  it  gives  off  a  portion  of  its  carbon,  in  the  form  of  thin, 
black,  and  brilliant  flakes,  known  as  ^'kish.''  The  same  thing  happens 
again  when  the  metal  solidifies  on  cooling,  the  extruded  carbon  being 
deposited  on  the  faces  of  the  crystals  in  the  pig  iron,  in  what  is  known 
as  the  graphitic  form. 

A  certain  portion  of  the  carbon  in  pig  iron  is  regarded  as  existing 
in  combination  with  the  metal;  and  at  one  time  it  was  considered  that 
the  whole  of  the  carbon  in  white  iron  was  of  this  character.  It  was 
also  held  that  there  was  a  necessary  connection  between  the  '^  richness*' 
or  large  sized  crystals  of  the  iron  and  the  quantity  of  carbon  it 
contains  in  the  graphitic  form.  The  extruded  kish,  is  however  rarely 
a  pure  substance,  iron  in  greater  or  less  quantity  being  generally 
present  with  the  carbon.  After  tapping  one  of  the  Clarence  furnaces, 
a  considerable  quantity  of  flaky  matter  was  collected  from  the  surface 
of  the  pigs.  By  means  of  a  magnet  it  was  separated  into  two 
portions. 
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The  part  not  affected  bj  magnetism  gave  the  following  resnlts  on 
analysis : — 


PerCeni. 

x^I»aUwI1  >••                •••                 #«•                •««                •■•                 •■• 

■  •  a 

95-00 

Ar\iii        •••           «•»           ••>           •••           ••■           •«• 

•  •  • 

1-70 

Sand,  derived  from  pi|?  moalds        

•  •  • 

3-30 

The  other  gave  : — 

Oftroon ...         ...         ... 

•  •  • 

54-80 

^A\^U             •••                    ■■>                    ■•■                    •■•                    ■•>                    ••■ 

•  «  • 

31-20 

Sand,  and  a  portion  of  finely  divided  silica 

•  •• 

14-00 

100 


100 


From  some  pig  iron  drillings^  graphite  was  separated  by  levigati<Hi 
in  water  and  all  metallic  particles  were  removed  by  the  magnet.  This 
graphite  yielded  81*74  per  cent,  of  residne  on  combustion.  It  was 
composed  of: — 


Protoxide  of  iron 

28-35 

Protoxide  of  manganese  ... 

510 

Silica          

5-08 

Phosphoric  add     

10-80 

99-61 

Assuming  that  the  Mn,  Si  and  P  were  originally  uncombined  with 
0,  the  following  composition  is  calculated  for  the  unoxidized  graphite^— 


Carbon 
Iron...         ... 

Manganese ... 

Silica 

Phosphorus... 


78-32 
18*26 

1-25 
•75 

1-42 

100-00 


At  another  running,  of  extremely  rich  iron,  there  was  collected 
from  the  '^  Sows"  a  quantity  of  matter  which  had  the  appearance  of 
having  been  in  a  state  of  combustion.    It  contained  as  follows :— 


Per  Cent. 

VyftT LlwU  >••                   ••«                  »••                  •»«                  ,««                  aas                  ••• 

36-00 

Silica,  probably  extmded  from  the  iron  as  silioon 

and  then  oxidized           

47-00 

^^vll               ...                     .■«                    •••                     ...                     t.i                     ...                     ..a 

9-10 

•*'*anganeBe      ...         ..«         ,,,         ,».         •••         ••• 

7-21 

99-81 
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While  speaking  of  the  matters  thrown  off  hj  iron  at  the  time  of 
tapping,  I  may  mention  a  drcamstance  which  took  place  at  the  Wylam 
furnace  very  many  years  ago.  For  one  or  two  days  in  succession  the 
iron  was  coYered  on  its  npper  snr&oe  with  a  coating,  ^  to  i^  of  an 
inch  in  thickness,  of  a  light  grey  or  brownish  matter.  It  was  of  a 
silky  fibrons  teztnre,  soft  to  the  tonch,  and  yielded  easily  to  pressure. 
It  resembled  a  sublimate  in  appearance,  was  insoluble,  and  without 
taste.  This  happened  before  the  days  of  constant  chemical  supervision, 
and  I  regret  to  say  that  in  consequence  no  further  notice  was  taken  of 
it;  but  we  had  no  doubt  at  the  time  that  the  substance  was  silica  in 
a  fine  state  of  division,  and  it  was  regarded  as  having  been  the  product 
of  silicon  given  off  by  the  iron,  as  it  gives  off  carbon  when  kish  is 
formed. 

In  going  through  the  Clarence  Laboratory  books,  the  samples 
(xmtaining  the  highest  recorded  carbon,  had  the  following  com- 
position : — 

OUkTBooe  Pig  Iron 
Carbon    ... 

Silicon    ... 

Sulphur 

PhotphoroB 

Calcium 

Magnesium 

Manganeae 

Titanium 

Iron 


KalPig. 
4-60 

No.3PI«. 
4-82 

1-28 

1-58 

•08 

Slight  trace. 

1-39 

186 

— 

•28 

— 

•05 

•72 

•62 

•10 

807 

•22 

8-87 

92-47 

92-00 

100-54 


100-87 


An  exceptionally  small  quantity  of  carbon  was  found  to  be 
contained  in  some  No.  1  Clarence  iron,  which  was  complained  of  as 
tnming  hard  and  white  on  remelting.    The  analyses  gave  as  under : — 

Orlgliua  Pig.  Bemelted  for  OMtlngi. 


Carbon  ... 

Silicon    ... 

Sulphur . . . 

Phoephorus 

Calcium... 

Magnesium 

Manganese 

Iron 


1-61  1-65 

•98  -61 

•16 
1-37 

•40 

•29 

•12 


•29 

1-26 

•81 

•48 

•47 

4^98 



5-51 

9515 

m 

94-42 

100*06 

99-93 
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It  is  in  white  iron  that  carbon,  in  its  combined  fonn,  is  most 
generally  found  in  the  largest  quantity;  and  although  this  substanoe, 
as  graphite,  is  usually  more  abundant  in  very  rich  iron  than  in  grqr 
iron  of  a  closer  grain,  yet  such  is  not  invariably  the  case.  The  follow- 
ing analyses  vf]l\  show  that  neither  the  form  nor  the  quantity  of  the 
carbon  necessarily  affects  the  grade  of  the  iron: — 

No.  1  Olaranoe  Pig.  Na  4  CflArenoa  Grey  ForM  Pig.  White  OlAnnceL 

Qnphite.  Combined.  Total.       Onphite.  Combined.   TotaL      On^hite.  Oomblnad   Total 

3-65  *80  8*95         2*45  '26         2*71  1*06  -90     1-96 

2*38  -48  2-81         2*72  '22         2*94  "800      8'260    8*660 

3-38  -61  8-89         2*491        '606       8-097  '270      8'400    3-670 

308  -92  4-00  -874      2'889    2-713 

2*61  1*84  3-95  2*209        *993    3*202 

2*07  1*76  3-88 

2-536        -668  8*204 

2-156  1*014  8170 


Specimen  of  No.  3  Clarence  pig 

Do.      „  White,  converted  into  grey  by 

slow  cooling 

Do.      „  White  

Part  of  the  preceding  white  pig,  converted 
into  grey  iron  by  13  days'  ex- 
posure to  a  fuU  red  heat        ...        1-790  -974  2*764 

The  condition  of  the  carbon  and  the  quality  of  the  metal  appear 
to  be  the  result  of  differences  between  the  temperatures  at  the  period 
when  the  metal  is  smelted,  or  those  to  which  it  has  been  exposed  sab- 
sequently.  Variations  in  the  rate  of  cooling  are  also  capable  of 
effecting  marked  changes  in  the  physical  character  of  pig  iron:  thos, 
as  we  have  seen,  slow  cooling  alters  white  iron  to  grey,  and  rapid 
cooling  converts  grey  iron  into  white. 

Specimens  of  white  pig  were  ftised  in  the  slag  runners  of  the 
Clarence  furnaces  making  No.  3  iron,  and  the  metal  so  treated  also 
became  changed  to  No.  8.  Others  were  melted  in  a  crucible  steel 
furnace  and  slowly  cooled,  and  the  metal  when  cooled  was  No.  4  grey 
iron. 

The  following  experiments  are  interesting,  as  showing  the  change 
which  lengthened  exposure  to  a  high  temperature  may  have  on  the 
condition  of  the  carbon. 


Onnhitio 
cSRa. 

lyitaL 

2-266 

1-058 

3*314 

2-296 

-644 

2*940 

•374 

2'8d9 

2*718 
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Several  bars  of  grey  metal,  having  a  sectional  area  of  3  x  2  in., 
were  left,  daring  an  entire  week,  in  the  combustion  chamber  of  the 
hot  air  stoves  at  the  Clarence  works,  the  fuel  being  famace  gas.  At 
the  end  of  that  time  they  were  found  covered  with  a  coating  of  oxide 
of  iron,  which  was  removed.  The  composition  of  the  different  parts 
wag: — 


TotoL 
8-694 


Onphitio 
Cftrbon. 

Oombined 
Carbon. 

Original  pig  metal,  No.  4  foundry 

3057 

•637 

First  I  inch  of  exposed  metal  under- 

neath crost  of   oxide   after 

exposure 

3-587 

Nil. 

Centre  of  bar  after  exposure 

3-082 

•469 

3-637 
8-651 


Similar  bars  of  white  iron  were  treated  in  the  same  way,  but  the 
exposure  was  continued  for  13  days.    The  analysis  gave: — 

GrML  Oombd.  ^^ 

Original  metal— fonndiy  No.  4      ...  -374  2^339  2-713 

First -f^  in.  underneath  crust  of  oxide  •Odl  *129  -160 

Centre  of  bar— ufter  exposure        ...  1*790  *974  2*764 

The  mere  contact  of  oxide  of  iron  with  grey  cast  iron,  both  being 
in  the  liquid  state,  changes  the  latter  to  white  metal.  This  alteration 
of  quality  may  be  effected,  without  a  diminution  beyond  5  or  10  per 
cent,  in  the  total  quantity  of  carbon  in  the  metal;  but  the  portion 
which  was  in  the  graphitic  form  is  almost  entirely  converted  into  the 
combined  variety  by  the  exposure  to  the  fused  oxide.  This  is  shown 
by  the  following  analyses: — 


BSPOaX  TaXATMKNT. 

4. 

AVTBK  TRBATKXirr. 

r 

Graphitio 
Oarbon. 

Oombined 
Oarbon. 

r 
Graphitic 
Oarbon. 

Oombbied 
Oarbon. 

1.— 8-460 

•  •  • 

*296 

*583 

•  ■  • 

2*686 

2.— 3-046 

•  a  ■ 

•589 

•778 

•  ■  ■ 

2*645 

8. —         Not  examined. 

•226 

a  ■  • 

3117 

4.— 

Do. 

• 

•046 

■  •  • 

8112 

In  the  last  two  cases,  the  graphitic  carbon  was  not  black,  but  con- 
Bisted  of  a  light  brown  powder;  which  however  gave  carbonic  acid, 
when  placed  in  a  combustion  tube  in  a  current  of  oxygen  gas. 
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In  the  process  of  cementation,  bar  iron  is  exposed  for  some  days  to 
a  high  temperature  in  contact  with  charcoal.  Blister  steel  is  the  re- 
sult, containing  various  proportions  of  carbon  according  to  the  qnalitj 
required.  As  much  as  1  per  cent,  may  easily  be  communicated  to  the 
iron  in  this  process. 

In  the  blast  furnace,  not  only  have  we  the  iron,  in  a  more  or  leeg 
reduced  form,  surrounded  on  all  sides  by  coke,  but  the  metal  in  itB 
spongy  state  is  permeated  in  the  most  complete  way  imaginable  by  the 
carbon  already  referred  to  in  these  pages,  as  deposited  from  the  car- 
bonic oxide.  It  has  been  shown  by  Dr.  Percy  and  others  that  iron 
combines  with  carbon  on  being  exposed  to  heat  in  an  atmosphere  of 
carbonic  oxide.  On  repeating  this  experiment,  I  found  carbonic  add 
in  the  gas  which  had  been  employed.  We  may  therefore  infer  that 
carbon  was  precipitated  by  the  dissociation  of  the  carbonic  oxide 
(2C0  =  C  +  COa),  leaving  the  precipitated  carbon  to  combine  with 
the  metal. 

"With  a  view  of  ascertaining  whether  it  was  necessary  that  the 
carbon  should  be  in  the  gaseous  form,  to  enable  it  to  combine  with 
iron,  I  had  a  polished  disc  of  wrought  iron  screwed  on  to  a  similar 
one  of  cast  iron,  thus  obtaining  perfect  contact.  Around  the  two 
plates  of  metal  so  secured  a  casing  of  cast  iron  was  run,  about  two 
inches  thick,  so  as  to  exclude  as  far  as  possible  all  access  of  gases. 
The  block  of  metal  with  its  enclosure  was  then  exposed  to  a  ftdl  red 
heat  for  four  weeks,  in  one  of  the  hot  air  stoves  at  the  Clarence 
works. 

The  change  of  composition  in  the  surfaces  of  the  cast  and  wroaght 
iron  discs,  which  were  in  contact  with  each  other,  is  exhibited  in  the 
following  analyses : — 

ciAitT  Thaw  Oarbon.       Silioon.       Bulphiir,     Fhoiphoni^ 

UASTISON.  perOent     per  Cent.     perOent      perOenL 

Before  exposure 

-1 V  inch  planed  off  after  exposure     . . . 

Wrooort  Iron. 

Before  exposure  

^Q  inch  planed  off  after  exposure 

increase  !••         •••         •••         •••         ••• 

It  may  be  perhaps  open  to  question  whether  any  of  the  metalloids,  ex- 
cept the  carbon,  have  been  affected  by  the  mode  of  treatment  described. 


3-248 

1-870 

•109 

1-542 

2179 

1-890 
•121 

•104 
•008 

1-539 

•044 

•195 

•892 

•162 

•009 

•204 

•348 

J041 

•001 

•009 
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The  increase  in  the  sniphnr  and  phosphorus  is  so  small  as  to  be  almost 
within  the  range  of  experimental  error.  The  addition  to  the  silicon 
in  the  iKTonght  iron  is  more  considerable;  bnt  there  is  also  a  slight 
increase  in  the  percentage  of  this  substance  in  the  cast  iron  surface, 
which  renders  it  somewhat  improbable  that  this  substance  has  moved 
forwards  as  it  were  towards  the  wrought  iron ;  the  excess  is  probably 
due  to  want  of  homogeneousness  in  the  metal  used  for  the  experiment. 
In  this  particular  experiment,  as  well  as  in  a  previous  trial,  there  seems 
every  reason  for  concluding  that  the  solid  carbon  seeks  to  establish  an 
equilibrium.  Hence,  as  soon  as  the  wrought  iron  surface  has  absorbed 
a  portion  of  this  metalloid  from  the  cast  iron,  the  place  left  vacant 
in  the  latter  is  partially  supplied  from  a  stratum  of  metal  immediately 
behind  it. 

Notwithstanding  this  proneness  of  iron  to  combine  with  carbon, 
I  have  found  the  metal  in  the  hearth  of  a  furnace  quite  free  from  this 
element  This  was  discovered  on  examining  iron  infiltrated  into 
pieces  of  lime,  which  I  had  analysed,  for  the  purpose  of  satisfying 
myself  whether  carbonic  acid  was  not  brought  down  to  the  hearth  by 
means  of  an  imperfect  decomposition  of  the  limestone. 

The  production  of  white  iron  is  in  some  districts  not  the  result 
usually  aimed  at,  but  is  merely  due  .to  imperfect  furnace  working. 
This  is  the  case  in  Cleveland,  where  grey  iron  is  what  is  generally 
demanded.  Any  circumstance  which  interferes  with  the  uniform 
deoxidation  of  the  ore  in  the  upper  region  of  the  furnace,  or  which 
tends  to  reduce  the  temperature  of  the  lower  region,  causes  what  is 
known  as  a  scouring  cinder,  and  with  it  the  production  of  white  irou. 
Hanging  or  scaffolding  of  the  materials,  or  the  use  of  small  ore  or  small 
fiiel,  interferes,  by  an  unequal  distribution  of  the  gaseous  currents, 
with  the  process  of  deoxidation,  and  may  produce  a  like  effect. 

Silican,  the  base  of  silicic  acid  or  silica,  as  it  is  often  designated,  is 
the  next  constituent  in  the  oi*der  in  which  they  stand  in  the  analyses 
ah^y  quoted.  Its  occurrence  in  pig  iron  is  easily  accounted  for, 
because  silica  is  almost  invariably  found  in  all  the  raw  materials 
delivered  to  the  smelter.  Silicon,  it  is  true,  has  not  I  believe  been 
hitherto  separated  from  the  oxygen,  with  which  it  is  combined  in 
silicic  acid,  by  the  action  of  carbon  and  heat  alone ;  but  the  intense 
temperature  of  the  blast  furnace,  aided  by  the  presence  of  highly-heated 
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iron,  appears  to  suffice  for  the  decomposition  of  this  oxide  of  silicon. 
At  the  same  time  it  must  be  remembered  that  in  Cleveland  iron,  which 
is  richer  in  this  metalloid  than  the  general  run  of  pig  irons,  the  total 
quantity  of  silicon  reduced  is  not  above  one-twelfth  of  that  which 
passes  through  the  furnace.  It  is  however  quite  possible,  by  conduct- 
ing the  operation  at  a  very  high  temperature,  to  raise  the  percentage 
of  silicon  in  the  iron  from  1  j  or  2  per  cent,  to  5,  6,  or  7  per  cent.,  or 
even  more. 

Although,  as  had  been  shown,  there  is  less  heat  evolved  at  the 
tuyeres  per  unit  of  iron  produced,  in  using  hot  than  in  using  cold 
blast,  it  must  be  remembered  that  in  a  given  period  of  time,  owing 
to  the  greater  make  of  the  hot  blast  furnace,  the  rapidity  of  evolution 
is  about  double  in  this  case  compared  with  that  of  the  cold  blast  fur- 
nace. This  more  rapid  generation  of  the  heat  of  combustion  and  the 
influence  of  the  hot  air  itself,  may  establish  limited  fod  of  intense 
temperatures  near  the  tuyeres  which  it  is  impossible  to  detecc  by 
analysis  of  the  products  of  combustion  or  by  any  known  means  of 
thermometric  measurement.  In  this  way  it  is  possible,  in  areas  of 
restricted  dimensions,  silicon  may  be  produced  in  exceptional  quantities. 

Iron  containing  any  approach  to  6  or  7  per  cent,  of  silicon  is 
absolutely  useless  in  the  foundry  and  forge.  It  is  extremely  brittle 
when  in  the  form  of  castings,  and  its  richness  in  silicon  renders  it 
perfectly  unmanageable,  either  in  the  refinery  or  the  puddling  fomace, 
owing  to  its  powerfiil  action  on  the  masonry. 

The  analysis  of  two  specimens  of  siliconized  or  glazed  iron,  as  it  is 
termed,  made  at  the  Clarence  Works,  gave  the  following  results: — 

Carbon  \  ^^  ^^^^^^^  ^'^^^  """^^^°^  '^^^  i         3-^  3-39 


i  \a  f^pnitic  Y:tfdy  comDinea  'i\d)  \ 
\{h  „      2-68,       „         -71)) 


Silicon 

Sulphnr 

Phosphoras 

Manganese 

Calcium 

Magnesium 

Titanium 

Iron    ... 


513 

613 

•17 

•28 

112 

112 

77 

•56 

22 

•20 

•06 

•03 

•26 

•18 

8818 

89-70 

99-29 

100-54 
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The  most  expeditious  mode  of  correcting  the  production  of  this 
species  of  metal  is  to  lower  the  temperature  of  the  blast,  a  change 
.Tvhich  at  once  makes  itself  felt  in  the  region  where  silicon  combines 
with  the  iron.  At  the  same  time  the  weight  of  ironstone  is  increased, 
and  by  the  time  this  increased  burden  comes  down  to  the  tuyeres  the 
air  is  raised  again  to  its  normal  heat. 

Silicon  is  useftil  in  increasing  the  fluidity  of  the  metal,  and  in  con- 
sequence ought  to  be  sought  after^  in  moderate  quantities,  for  fine 
castings.  Where  strength  is  required  it  is  prejudicial,  and  in  the 
puddling  furnace  its  presence  is  the  reverse  of  desirable,  for  it  not 
only  diminishes  the  yield  by  its  presence,  but  it  increases  the  waste, 
on  account  of  the  readiness  with  which  the  silica  it  there  generates 
combines  with  oxide  of  iron. 

It  was  not  until  the  discovery  of  the  Bessemer  process,  that  any 
thought  was  bestowed  on  aiming  at  the  production  of  pig  iron  rich  in 
silicon.  In  order  to  maintain  the  desired  temperature  in  the  converter, 
«Llioon  is  considered  indispensable;  hence  a  Bessemer  steel  maker, 
using  the  ordinary  hematite  or  analogous  pig,  requires  his  metal  to 
contain  at  least  a  certain  percentage  of  this  element,  formerly  so  justly 
shunned  for  most  purposes.  Indeed  cases  have  arisen  in  which 
siliconized  iron  has  been  made  expressly  for  the  use  of  steel  makers 
using  the  open  hearth,  as  well  as  the  Bessemer  converter.  When 
however  pig  iron  is  of  such  quality,  that  it  has  to  be  subjected  in  the 
converter  to  the  basic  treatment  recently  introduced,  the  presence  of 
silicon  is  not  desired,  and  the  required  temperature  is  sought  to  be 
•obtained  by  the  oxidation  of  the  phosphorus. 

Sulphur. — In  almost  every  description  of  clay  ironstone  sulphur  is 
to  be  found  in  greater  or  less  quantity ;  and  the  same  may  be  said  of 
alihost  every  variety  of  pit  coal.  As  a  rule,  in  both  minerals  the 
sulphur  exists  as  a  bisulphide  of  iron  (Fe  S^),  although  in  some  cases 
small  quantities  of  sulphuric  acid  may  be  detected,  generally  combined 
\vith  lime.  The  calcining  of  the  ore  and  coking  of  the  coal  usually 
expel  half  the  sulphur  from  the  bisulphide  of  iron;  so  that  the  furnace 
manager  has  only  to  deal  with  the  remaining  half  of  the  ingredient— 
which,  so  far  as  my  observation  goes,  is  always  an  unwelcome  one  in 
pig  iron.  For  the  foundry  it  hardens  the  metal ;  and  in  the  puddling 
furnace  it  produces  red-shortness,  or  brittleness  when  the  bar  is  hot. 


164       SECTION  VIII. — SOLID  PRODUCTS  OF  THE  BLAST  FURNACE. 

Fortunately  lime,  and  calcium,  the  metallic  basis  of  lime,  shan^ 
with  iron  a  powerful  affinity  fpr  sulphur;  hence  the  advantage  of  using 
limestone  in  excess  of  the  quantity  absolutely  required  as  a  flux.  The 
materials  used  at  an  iron  work,  as  well  as  the  products,  are  so  large  in 
volume  and  so  fluctuating  in  composition,  that  it  is  difficult  to  obtain 
figures  which  shall  correctly  represent  the  average  composition  of 
every  thing  which  passes  through  the  smelter's  hands*  As  nearly 
however  as  could  be  determined,  from  2^  to  5  per  cent,  of  the  sulphur 
entering  the  blast, furnaces  at  the  Clarence  works  appeared  in  th& 
iron,  while  the  renaining  95  or  97J  per  cent,  was  carried  oflF  in  the 
slag;  but  these  figures  would  require  a  certain  amount  of  correc- 
tion, owing  to  a  small  quantity  of  sulphur  which  finds  its  way 
into  the  fume  or  smoke,  accompanying  the  gases  as  they  leave  the 
furnace. 

A  low  temperature  in  the  blast  furnace  seems  to  favour  the- 
absorption  of  sulphur  by  the  iron;  hence  it  is  that  white  pig  iron 
usually  contains  more  of  this  metalloid  than  is  found  in  grey,  when  the 
same  kind  of  materials  are  used  in  each  case.  One  specimen  of  white 
iron,  already  referred  to,  was  mentioned  as  containing  '46  per  cent.  of. 
sulphur;  whereas  in  the  grey  iron  made  at  the  same  works  from  the 
same  materials  there  is  usually  only  about  one-tenth  of  this  quantity. 

The  fact  that  sulphur  is  always  found  in  greater  quantities  in 
white  than  in  grey  iroii,  produced  from  the  same  materials,  entitles  us 
to  infer  that  the  ranges  of  temperature  which  obtain  in  the  blast 
furnace  suffice  to  modify  the  chemical  reactions  which  take  place  in 
the  hearth.  White  iron,  as  is  well  known  is  the  result  of  "cold 
working,"  and  allusion  has  been  already  made  to  the  fact  that  at 
higher  temperatures  the  affinity  of  iron  for  sulphur  is  weakened — not 
only  is  this  the  case,  but  it  would  appear  almost  as  if  the  affinity  of 
this  substance  for  lime  or  calcium  is  strengthened  by  higher  tempera- 
tures. I  had  occasion,  some  years  ago,  to  try  on  a  large  scale  the 
fiision  of  oxide  of  iron  with  soda  waste,  which,  as  is  well  known,  is 
a  compound  of  lime,  calcium,  and  sulphur;  the  last  named  substance 
being  present  to  the  extent  of  about  1 7  per  cent,  of  the  whole.  The 
object  was  the  production  of  a  factitious  sulphide  of  iron.  When  the 
temperature  of  the  furnace  was  kept  down,  a  compound  was  obtained 
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tontaimng  sometimes  as  much  as  32  per  cent,  of  sulphur,  and  about 
4  per  cent,  of  oxjf^en,  when,  on  the  other  hand,  the  furnace  was 
iTjrked  ''hot,"  nearly  all  the  metal  was  in  the  form  of  cast  iron, 
oontaining  only  1  or  2  per  cent,  of  sulphur. 

-     PJiosphorus, — The  case  is  quite  exceptional  when  any  material 

treated  in  a  blast  furnace  is  absolutely  iree  from  phosphorus;  the 

fhel,  vegetable  or  mineral,  the  flux,  and  the  ore,  all  appear  to  contain 

it  in  greater  or  less  quantities.    Beginning  with  the  oxides  of  iron 

found  in  the  granite  formation,  and  ending  with  the  lake  ore  forming  at 

the  present  day,  this  element  is  almost  invariably  pvesent.    It  occurs 

almost  always  combined  with  oxygen  as  phosphoric  add,  in  the  form 

of  phosphates  of  iron  or  lime  in  the  ore,  or  as  phosphate  of  lime  in  the 

flnx  and  fuel.    When  a  phosphate  of  iron  or  lime  is  exposed  to  a  high 

temperature  in  contact  with  carbon,  the  oxygen  is  separated  from  these 

salts,  and  the  product  is  phosphide  of  iron  or  phosphide  of  calcium. 

The  pig  iron  then  dissolves  the  phosphide  of  iron,  or  decomposes  most 

of  the  phosphide  of  calcium. 

Thus  it  unfortunately  happens  that  by  far  the  largest  quantity  of 
this  substance,  as  it  occurs  in  the  materials,  is  taken  up  by  the  iron.  By 
a,  similar  course  of  observation  to  that  adopted  in  the  case  of  sulphur, 
it  was  calculated  that,  of  the  phosphorus  existing  in  the  materials,  not 
less  than  90  per  cent,  found  its  way  into  the  iron.^ 

Although  there  is  no  doubt  that  the  presence  of  phosphorus  in 
small  quantities  interferes  seriously  with  the  strength  of  steel,  as  well 
as  of  iron,  recent  experience  rather  points  to  the  possibility  of 
very  minute  proportions  not  only  being  admissible,  but  that  it  may 
be  advantageous  for  certain  purposes. 

Manganese  demands  an  extremely  high  temperature  for  its 
reduction  and  fusion;   but  the  reducing  power  of  the  blast  fiimace, 

*  The  following  were  the  quantities  of  sulphur  and  phosphorus  calculated  to  be 

present  in  the  materials,  for  every  100  parts  of  pig  iron  produced  from  calcined 

Cleveland  ironstone : — 

Sulphur.  Phosphonu. 

'     In  calcined  ironstone       2*525  1*253 

Limestone  '036  -007 

Coke  1-896  -318 

4-466  1-578 
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and  the  presence  of  liquid  iron,  acting  as  they  were  described  to  do  in 
the  case  of  silicon,  always  effect  the  reduction  of  a  portion  of  this 
metal,  which  is  a  very  general  constituent  of  iron  ores.  The  exact 
extent  to  which  this  happens  depends  upon  the  temperature  at  which 
the  furnace  is  being  worked.  For  steel  making  purposes  metallic 
manganese  is  now  in  great  demand;  and,  by  the  use  of  a  light  burthen 
of  ore,  ferro-manganese,  as  it  is  termed,  can  be  made,  containing  as 
much  as  70  or  80  per  cent,  of  manganese  or  even  more.  The  metal 
however  is  so  difficult  of  reduction,  and  the  proneness  of  oxide  of 
manganese  to  combine  with  silica  is  so  great,  that  the  cinder  produced 
by  the  fiimaces  making  ferro-manganese  contains  a  considerable  per- 
centage in  weight  of  this  metal.  A  further  loss  of  the  manganese 
arises  from  the  intense  temperature  employed  in  the  production  of 
ferro-manganese,  by  which,  as  I  was  informed  at  a  Westphalian  work, 
no  less  than  8  per  cent,  of  this  metal,  as  contained  in  the  ore,  is 
evaporated  and  carried  off  in  the  fume. 

Specimens  of  slag  brought  from  Westphalia,  from  a  furnace  makin 
ferro-manganese,  contained  as  follows: — 


Silica  ... 

29-65 

Alumina 

9-38 

Lime   ... 

86-62 

Magnesia 

2-14 

Barvta 

• 

1-30 

Potash 

•99 

Protoxide  of  Iron 

•67 

Do. 

Manganese 

15-28 

Sulphide  of  Calcium ... 

405 

Phosphoric 

Acid 

Trace 

99-98 


The  presence  of  manganese  is  sought  after  in  pig  intended  for 
malleable  iron  and  for  steel  purposes.  The  clay  ironstones  from  which 
the  celebrated  makes  of  Bowling  and  Low  Moor  iron  are  made,  con- 
tain enough  of  this  metal  to  give  in  the  cinder  from  the  blast  furnaces 
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as  much  as  8'38  per  cent,  of  its  protoxide,  while  the  pig  itself  is  often  as- 
sociated with  1^  per  cent,  of  manganese.  When  the  metal  used  in  the 
Bessemer  converters  contains  a  sufficiency  of  manganese,  Spiegel-iron 
and  ferro-manganese  may  be  dispensed  with. 

Other  Meiah  in  Pig  Irmi, — Little  can  be  said  of  the  influence 
which  any  of  these,  including  titanium  or  its  nitride,  exercise  on  the 
quality  of  the  iron  in  which  they  are  found.  Usually  they  occur  in  very 
minute  quantities,  and  those  disappear  completely  during  the  process 
of  puddling.  Upon  one  occasion,  already  mentioned  in  the  present 
Section,  a  specimen  was  found  to  contain  as  much  as  1*24  per  cent,  of 
calcium  and  magnesium  jointly.  This,  as  compared  with  all  other 
analyses,  is  an  unusually  great  amount;  and  had  it  not  been  for  the 
peculiarity  of  the  metal,  which,  with  only  1'96  per  cent,  of  carbon, 
retained  great  fusibility,  I  should  have  set  it  down  to  experimental 
error. 

With  regard  to  the  last  two  metals,  together  with  aluminium 
which  also  occasionally  finds  its  way  into  pig  iron,  no  attempts  have 
been  successful,  so  far  as  I  know,  in  separating  them  from  the  earths 
containing  them  by  the  agency  of  carbon  and  heat  alone.  The  usual 
method  is  to  call  in  the  aid  of  sodium,  which  at  moderate  temperatures 
is  able  to  decompose  the  chlorides. 

Now  in  the  blast  furnace  chlorine  in  the  form  of  common  salt 
and  compounds  of  sodium  and  its  kindred  metal  potassium  exist  in 
certain  quantities.  With  this  knowledge,  and  looking  to  the  fact 
that  the  temperature  and  intensely  reducing  power  of  the  carbon 
and  gases  of  the  lower  zone  are  by  no  means  inconsistent  with  the 
production  of  these  two  alkali  metals,  I  sought  carefully  for  traces 
of  their  presence.  The  furnace  vapours  were  made  to  pass  through 
cold  mercury,  but  I  entirely  failed  to  obtain  a  trace  of  either.  The 
cyanides  of  potassium  and  sodium  were  next  suggested  as  a  possible 
agent,  for  decomposing  the  earths  containing  the  calcium,  magnesium 
and  aluminium.  Trials  were  made  in  the  laboratory  with  this  object 
in  view;  but  these  hitherto  have  been  entirely  unsuccessful. 

In  the  consideration  of  this  subject  we  must  not  of  course  lose 
sight  of  the  circumstance,  that  in  the  blast  furnace  we  have  an  intense 
temperature  rarely  available  in  the  laboratory,  that  there  is  an  enormous 
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quantity  of  highly  heated  iron  constantly  dropping  through  the  ma- 
terials, and  lastly  that  the  total  weight  of  metallic  matter  other  than 
iron  rai'ely  exceeds  one  half  per  cent,  of  the  pig  produced. 

I  incline  also  to  the  belief  that  the  presence  of  silica  and  other 
earths  in  the  fume  which  leaves  the  furnace  show  those  to  be  in  sach 
a  state  that  it  is  very  possible  they  may  be  due  to  the  reoxidation  of 
sodium  or  potassium.  We  shall  see  presently  that  these  earthy  sub- 
limates are  not  found  at  the  tuyeres,  and  therefore  I  suspect  that  at 
some  point  above  this  the  alkali  metals,  or  their  cyanides,  are  con- 
cerned in  the  reduction  of  the  silica,  lime,  etc. 

In  the  event  of  anything  happening  to  lower  the  deoxidizing  power 
of  the  blast  furnace,  particularly  in  its  lower  region,  it  is  only  reason- 
able to  expect  that  substances,  which  part  with  their  oxygen  with  so 
much  difficulty,  as  silicon,  calcium,  etc.  do,  or  whose  oxygen  com- 
pounds have  a  great  affinity  for  the  unreduced  oxide  of  iron,  should 
be  found  in  diminished  quantity  in  the  pig  iron.  Two  cases  are  ap- 
pended which  seem  to  point  to  this  conclusion,  but  the  occurrence  of 
these  metals  in  pig  iron  is  not  sufficiently  uniform  to  justify  its  general 
application. 


Carbon 

Silicon 

Sulphur 

Phosphorus 

Calcium 

Magnesium 

Manganese 

Titanium 

Iron    ... 


Clarence  < 
No.  1  Pig. 

317 

2-22 

•19 

1-34 

•24 

•06 

•42 

•24 

7*88 

...      91-60 

99-38 

GUurenoe  Roivh  White  Iron 
made  during  »  deraagemeDt 
of  tbeFnniMe: 

1*96 
•11 

•26 
•15 
"06 
•11 


3-61 
97-30 

100^91 


Cinder, — ^The  quantity  of  slag  or  cinder  produced  per  ton  of  iron 
varies  with  the  quantity  of  earthy  matter  in  the  ore.  At  Fullonica  I 
found  that  in  smelting  Elba  ore,  it  did  not  exceed  10  per  cent,  of  the 
weight  of  the  iron;  in  other  cases  it  is  sometimes  nearly  200  per  cent. 
In  Cleveland  it  is  about  130  per  cent.,  while  in  the  north  west  of 
England,  using  hematite,  it  is  only  about  50  per  cent. 
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In  order  to  promote  the  separation  of  the  cinder  from  the  metal, 
the  earths  composing  the  former  must  constitnte  a  readily  fusible  sab- 
jstance.  A  sacrifice  however  must  sometimes  be  made  in  respect  to  the 
melting  point  of  the  cinder  in  order  to  free  the  iron  from  sulphur. 
Thus  the  earths,  in  the  proportions  in  which  they  exist  in  Cleveland 
stone,  melt  with  facility;  but,  when  an  attempt  was  ipade  at  the 
Clarence  works  to  dispense  with  the  use  of  limestone,  the  iron  became 
so  highly  charged  with  sulphur  as  to  be  useless. 

Although  in  the  vast  majority  of  ca8e§  lime  is  a  constituent  of 
Jblast  furnace  slags,  its  presence  is  not  indispensable,  as  may  be  seen 
from  the  following  analysis  of  a  specimen  obtained  in  Khenish  Prussia, 


OlllCft        ...            ... 

a^A^^*#     m^a,M\^     ^Mmw%^^     ^^a 

40-57 

48-39 

Almnina            

9-00 

6-66 

Protoxide  of  Manganese 

26-84 

33-96 

Mag^eaia          

15-16 

10-22 

Sulphur             

-08 

-08 

Protoxide  of  Iron 

•04 

•06 

99-68  99-37 

Essentially,  ordinary  blast  ftimaoe  slags  may  be  regarded  as  a  sili- 
'Cate  of  Ume  and  alumina,  in  which  more  or  less  magnesia  is  usually 
present.  M.  Berthier  pointed  out,  in  his  "  Essais  par  la  Yoie  S^che," 
that  silica,  combined  with  any  one  of  these  three  earths,  melted  with 
great  difficulty;  and  this  is  the  reason  why  the  Cumberland  ore,  con- 
taining only  silicious  matter,  in  addition  to  lime  works  best  with  an 
admixture  of  aluminous  ore,  in  order  to  form  a  double  silicate  of 
lime  and  alumina  and  thus  obtain  a  fiisible  slag.  Mixtures  of  different 
ironstones  are  frequently  recommended  on  the  ground  that  the  iron  is 
better  than  if  they  have  been  smelted  singly,  the  fact  probably  being 
that,  in  the  latter  case  want  of  fusibility  in  the  cinder  interferes  with 
the  steady  working  of  the  frunace. 

Fortunately  for  the  pig  iron  maker,  the  composition  of  slags  admits 
of  great  latitude,  in  the  relation  the  earths  bear  to  each  other,  without 
interfering  seriously  with  their  fusibility.  The  following  numbers 
fihow  the  very  different  relations,  in  which  the  four  earths  usually 
present  in  furnace  cinders  are  met  with  in  different  localities;  all  being 
mifficiently  fusible  for  easy  separation  from  the  metal. 
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Oomposition  of  Slags. 

Silica 

Alumina 
Lime     ... 
Magnesia 


South  Wales. 
Percent. 

BtafFordsfaire. 
Percent 

Cleielaiid 
P«rCeot 

45 

40 

29 

13 

15 

25 

37 

37         .•• 

40 

5 

• «  •                     ^9                  •  ■  « 

6 

100 

100 

100 

In  reality  howeyer  blast  fiimaoe  cinder  is  a  much  more  complei 
body  than  is  exhibited  by  a  mere  table  of  its  earthy  component  parts; 
as  may  be  seen  by  the  following  analyses  of  specimens  from  the 
Clarence  works : — 


Silica 

Alumina 
Lime  ... 
Magiiesia 
Sulphur 

Phosphoric  Acid 
Soda  and  Potash 
Protoxide  of  Manganese 
Do.  Iron 


27-65     . 

..    30-84 

24*69    . 

..     2571 

40-00     . 

..    3403 

3-55 

6-92 

1-95 

...       1-82 

•52 

•34 

1-45 

...       1-30 

•35 

•26 

•72 

•23 

100-88' 


10146» 


Notwithstanding  the  intensely  powerful  reducing  agency  at  work 
in  the  blast  furnace,  it  is  extremely  doubtftil  whether  the  cinder  ifr 
ever  entirely  devoid  of  any  traces  of  iron;  and  I  beheve  this  is  due  to 
the  fact  that  there  is  always  retained  by  iron  a  last  trace  of  oxygen, 
so  firmly  held  by  the  metal  that  neither  carbonic  oxide  nor  even  carbon 
can  tear  it  away. 

The  quantity  of  protoxide  of  iron  (Fe  0)  usually  found  in  the 
Clarence  cinder  is  '27  per  cent,  containing  "21  per  cent,  of  iron;  but 
as  small  a  quantity  as  '12  per  cent,  of  iron  has  been  found  in  these 
scoriae. 

The  increase  of  iron,  already  referred  to  as  present  in  the  cinder 
when  making  the  lower  qualities  of  iron,  is  apparent  in  the  following 
analyses  of  specimens  taken  from  the  Clarence  laboratory  books : — 


'  The  probable  cause  of  the  excess  above  100  is  that  aU  the  calcium  is  calcaUted 
as  lime,  whereas  part  of  it  would  be  combined  with  sulphur. 
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A  specimen  of  cinder  from  a  furnace  making  grey  forge  was 

found  to  contain 1'03  %  of  iron. 

Ditto,  ditto,  smooth  white  iron,  ditto  1*40%      „ 

Ditto,  ditto,  rough  white  iron,  ditto  2-83  %      „ 

It  is  therefore  &om  the  continnouB  flow  of  cinder  that  the  furnace 
manager  is  enabled,  by  its  colour,  to  form  an  opinion  on  the  con- 
dition of  his  furnace,  and  on  the  quality  of  iron  he  may  expect.  By 
this  indication,  an  experienced  eye  will  predict  with  great  precision 
the  grade  of  iron  being  made  at  the  time.  Not  only  so,  but  a  watchful 
manager  learns,  by  indications  of  texture  in  the  cinder,  to  foresee 
impending  changes  in  the  furnace;  and  he  is  thus  enabled  to  prepai*e 
for  them  accordingly. 

In  many  instances,  however,  the  presence  of  oxide  of  iron,  as  found  . 
in  the  cinder,  cannot  be  the  reason  of  the  change  in  the  quality  of  the 
metal,  owing  to  the  smallness  of  its  amount.  In  such  cases  the  colour 
of  the  slag,  due  to  this  presence,  must  therefore  be  accepted  merely  as 
an  indication  that  the  temperature  of  the  furnace  is  inadequate  for  the 
production  of  grey  iron. 

When  the  cinder  contains  anything  like  1  per  cent,  of  protoxide  of 
iron  ('77  of  Fe),  it  is  black  in  colour,  but  this  does  not  indicate  a  state 
of  things  under  which  a  furnace  cannot  be  permanently  and  conveniently 
carried  on.  The  extent  however  to  which  iron  is  found  in  slag,  with- 
out producing  inconvenience,  seems  to  vary  somewhat  with  different 
ores;  this  is  possibly  due  to  the  relation  the  earths  bear  to  each  other, 
and  to  the  composition  of  the  metal. 

In  the  Duchy  of  Luxemburg,  at  Nancy  and  elsewhere,  an  ore 
resembling  in  geological  position  that  of  Cleveland  is  lai-gely  smelted 
for  forge  purposes,  the  product  being  white  metal.  This  ore  is,  however, 
richer  in  silica  than  that  of  North  Yorkshire,  as  may  be  observed  by 
the  relations  which  this  substance  bears  to  the  alumina  and  lime  in 
the  furnace  cinders  of  the  two  districts  : — 


Silica 

Alumina  ... 
Lime 


Olereland. 

Kancgr. 

34 

41 

24 

20 

42 

39 

100  100 
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Such  cinders  as  run  from  the  furnaces,  when  producing  white  pig 
at  Nancy,  contain  from  2  to  3  per  cent,  of  protoxide  of  iron.  The 
metal  is  veiy  suitable  for  puddling  purposes,  and  has  the  following 
composition: — 


Carbon 

•    »  •                                     R    •  • 

...     2-339 

Silicon 

•    •    •                                      •   ■   • 

...       -460 

Sulphur 

•  •  V                              ■  4  • 

...       -431 

Phosphorus... 

•  •  •                              •  •• 

...     1-892 

Manganese... 

...       -092 

6-214 

Iron 

•  •  a                       •  •  • 

•  •  • 

...  94-789 

ioo-008 

In  instances  of  extraordinary  derangement,  the  cinder  may  become 

so  overloaded  with  iron  oxide  as  to  reduce  the  iron  to  the  condition  of 

a  pasty  mass,  due  partly  to  the  reduced  temperature  of  the  hearth,  and 

partly  to  the  infusible  nature  of  the  metal  itself.      Under  such 

circumstances  it  becomes  impossible  to  work  a  furnace  satisfactorily. 

The  slag  resembles  mill  cinder  in  appearance,  and  the  iron  is  so  thick 

that  it  sets  on  the  hearth,  giving  rise  ultimately,  if  continued,  to  what 

is  technically  known  as  ''gobbing."    There  is  besides  so  imperfect 

a  separation  of  the  two,  that  a  good  deal  of  the  iron  is  carried  away 

mechanically  along  the  slag  runner.    In  such  cases  it  is  more  than 

probable  that  during  the  mere  passage  of  the  iron  through  the  cinder, 

it  may   lose  a  portion  of  the  carbon  with  which  it  had  become 

« 

associated  in  an  upper  region  of  the  furnace. 

Cooling  attends  the  "  overburdening"  of  the  furnace.  The  carbonic 
oxide  has  then  imposed  upon  it  more  duty  than  it  can  perform, 
unreduced  ore  descends  into  the  hearth,  and  the  result  is  a  black 
cinder.  The  same  effect  may  be  brought  about  by  anything  which 
lowers  the  temperature  of  the  zone  of  fusion,  even  when,  at  the  time 
this  occurs,  reduction  is  being  suitably  carried  on  in  its  proper  place. 
A  very  common  cause  of  this  temporary  disturbance  is  the  admission 
of  water  by  a  faulty  tuyere. 

The  decomposition  of  water  is  attended  with  a  great  absorption  of 
heat — ^no  less  than  34,000  calories  per  unit  of  its  combined  hydrogen, 
besides  that  which  is  required  for  its  conv6rsion  into  vapour.  If  we 
assume  each  unit  of  coke,  as  it  is  burnt  with  hot  air,  to  give  3,300 
calories,  then,  after  giving  the  water  credit  for  the  heat  it  generates  by 
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oxidation  of  the  fael,  it  may  be  taken  that  the  admission  of  15  lbs., 
«>.  1^  gallons^  of  water  per  minute,  into  a  fnmaoe  making  about  400 
tons  per  week,  requires  an  addition  of  8*2  cwts.  of  coke  per  ton  of  iron. 

So  great  indeed  is  the  absorption  of  heat  from  the  injection  of 
water  at  the  tuyeres,  that  differences  in  the  extent  of  moisture  in  the 
atmosphere  may  occasionally  be  enough  to  account  for  variations  in  the 
work  performed.  It  has  frequently  been  remarked  in  winter,  at  a 
time  of  extreme  cold,  that  blast  furnaces  work  more  steadily  and  with 
less  fuel  than  in  summer.  Indeed  this  fact  was  constantly  quoted  as  a 
reason  against  the  use  of  the  hot  blast  in  its  early  days.  No  doubt  the 
change  was  due  to  the  comparative  absence  of  moisture  in  the  air;  and 
thus  a  virtue  was  attributed  to  the  mere  coldness  of  the  air  which  did 
not  belong  to  it. 

It  is  I  believe  capable  of  demonstration  that  the  reduction  of 
a  certain  amount  of  oxide  of  iron  within  a  very  short  distance  of  the 
tuyeres,  and  the  escape  of  a  trace  of  the  same  into  the  slag,  is  probably 
unavoidable;  but  for  many  I'easons  the  smaller  this  amount  is  the 
better.  If  this  undecomposed  oxide  be  unduly  increased,  it  is  beyond 
the  power  of  the  fuel  at  the  hearth  to  effect  a  proper  amount  of  deoxida- 
tion  ;  and  the  unreduced  metal  is  carried  off  in  undue  quantity  by  the 
slag,  giving  to  it  the  well  known  dark  colour. 

The  cinder  from  blast  furnaces,  certainly  from  those  in  the 
Cleveland  district,  possesses  a  property  which,  were  it  possible  to 
reduce  all  the  oxide  of  iron  it  contains,  ought,  one  would  imagine,  to 
secure  that  result.  This  property  consists  in  the  occlusion,  or  power 
of  absorption  of  a  considerable  volume  of  the  gases  found  in  the 
furnace  itself,  nearly  50  per  cent,  of  these  being  gas  of  a  highly 
deoxidizing  nature. 

For  the  first  time,  so  far  as  I  know,  these  have  lately  been  made 
the  subject  of  analysis  at  the  Clarence  works.  Two  of  these  were  as 
follows : — 


Dftte  of  OoUection       

FurnAoe  80  feet  high  making  Grey  Irou. 

Oct.  1.  1879.             Onfc   9.  IflTQ 

By  measurement — 

Carbonic  Acid  and  Sulphnrons  Acid 
Carbonic  Oxide          

...     6-28 
...  28-80 

14-88 
29-77 

Hydr(^en 
Nitit^en 

. . .   oo'So 

...  25-94 

41-44 
13-91 

100-00 

100-00 
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By  weight — 

Carbonic  Acid 

14-62 

32*55 

Sulphurous  Acid        

-04 

-Oi 

Carbonic  Oxide          

...  42-72 

41^ 

Hydrogen        

...    418 

413 

Nitrogen         

38-49 

21-80 

100-00 

lOOOO 

There  is  no  doabt  that  the  volume  of  gas  so  absorbed  is  very 
considerable,  because,  being  emitted  as  the  cinder  cools,  it  often  gives 
rise  to  the  bursting  of  the  square  masses  of  slag  into  which  it  is  ran. 
The  outer  portion  of  the  mass  being  first  solidified,  forms  a  shell 
which  is  frequently  fractured  by  the  pent  up  gas.  This  is  often 
attended  with  considerable  explosive  force,  not  altogether  free  from 
danger  to  those  who  may  be  in  the  immediate  neighbourhood.  Besides 
the  true  gsfies,  which  escape  from  the  flowing  stream  of  cinder,  a  por- 
tion of  its  solid  constituents  are  occasionally  emitted  in  the  form  of  a 
white  smoke;  the  actual  weight  of  which  however  is  very  small. 
This  always  happens  in  smelting  iron  at  a  high  temperature  frt>m 
Cleveland  stone.  By  condensing  and  collecting  this  vapour,  probably 
oxidized  after  leaving  the  slag,  it  was  found  to  consist  of : — 

Free  Sulphuric  Acid,  SO,  4-88 

Sulphate  of  Potash  85-25 

Do.         Soda 7'46 

Do.         Magnesia      2-41 

lOOKX) 

Furnace  Fume, — A  certain  amount  of  fine  dust  is  propelled 
mechanically  from  the  blast  furnace,  by  the  mere  force  of  the  current 
of  gas  escaping  at  the  tunnel  head.  This  consists  of  powder  of  iron- 
stone, and  minute  particles  of  coke,  the  limestone  being  rarely  in  such 
a  condition  as  to  size  to  permit  of  its  being  so  ejected.  Besides  this, 
there  issues  from  most  furnaces  a  vast  volume  of  a  white  vapour- 
like  matter  or  fume,  of  a  varying  composition,  but  differing  always 
widely  from  any  of  the  materials  charged  in  at  the  top.  A  consider- 
able portion  of  this  condenses  very  speedily;  but  a  part  probably 
from  its  very  minute  state  of  division,  passes  through  the  boiler  and 
stove  fire  places,  and  floats  away  for  a  veiy  great  distance  from  the 
chimneys  of  our  iron  works.  Any  questions  connected  with  the 
generation  and  emission  of  this  sublimed  matter  will  be  more  con- 
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"leniently  considered  in  the  following  Section,  which  it  is  intended  to 
-devote  more  exclusively  to  the  chemical  changes,  as  they  occur  in  the 


As  a  matter  of  practical  interest  this  sublimate,  if  such  it  be,  is  of 
little  importance:  except  that  its  presence  is  the  source  of  considerable 
ixi.cx)nveiiience  and  expense  to  the  furnace  manager.  It  gradually  forms 
«k  coating  on  the  boilers  and  hot  air  apparatus  which  interferes  greatly 
"vrith  the  transmission  of  the  heat  to  their  contents.  The  removal  of 
t^IiiSy  and  the  emptying  of  the  flues  of  a  large  quantity  of  hot  light 
43.iist,  occupies  a  considerable  time,  and  is  a  very  disagreeable  occupa- 
tion for  the  men  engaged  in  the  operation. 
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SECTION   IX. 


ON  THE  CHEMICAL  CHANGES  AS  THEY  TAKE  PLACE 

IN  THE  BLAST  FURNACE. 

In  the  four  preceding  Sections  the  results  obtained  by  the  use  of  the 
blast  furnace  have  been  described.  In  doing  this  some  general  explana- 
tion of  the  chemistry  of  the  process  was  unavoidable;  but  in  order  to 
render  this  more  complete,  I  have  deemed  it  desirable  to  devote  a 
separate  Section  to  a  more  minute  examination  of  the  changes 
experienced  by  the  materials,  during  their  descent  from  the  top  to  the 
lower  part  of  the  structure.  This  mode  of  dealing  with  the  subject 
involves  some  repetition,  but,  even  with  this  inconvenience,  the  separa- 
tion of  the  chief  functions  of  the  furnace  from  others  of  a  more  scientific 
character,  but  occupying  perhaps  a  subordinate  position  as  a  question 
of  technical  interest,  has  its  advantages. 

The  sequence  of  chemical  actions  which  takes  place  in  the  blast 
furnace  is  complicated,  and  as  regards  any  particular  Jocality  is  liable 
to  considerable  changes  in  its  nature.  The  immediate  action  on  the 
materials,  viz.  ore,  coke  and  limestone,  when  they  enter  a  close  topped 
furnace,  is  a  mere  elevation  of  temperature.  The  firet  to  manifest  any 
chemical  change  is  the  ore,  which  quickly  commences  to  lose  a  portion 
of  its  oxygen ;  then  follows  the  coke,  which  is  attacked  to  a  limited 
extent  by  carbonic  acid ;  and  lastly  the  limestone,  which  does  not  part 
with  its  carbonic  acid  until  it  reaches  a  zone  where  the  temperature  is 
more  intense  than  that  required  for  the  changes  experienced  by  the 
oxide  of  iron  and  the  coke. 

The  order  in  which  chemical  action  is  established  in  the  materials, 
as  just  set  forth,  must  be  understood  as  relating  only  to  the  commence- 
ment of  the  process.  A  large  block  of  ironstone  may  pass  through  the 
hotter  zones,  of  carbon  solution  and  of  limestone  decomposition,  before 
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it  is  reduced  to  the  fall  extent  to  which  it  is  susceptible,  owing  to  the 
reducing  gases  not  having  completely  penetrated  its  mass.  Such  a  state 
of  things  as  that  just  mentioned,  renders  it  impossible  to  judge  of  the 
general  character  of  the  action  by  an  examination  of  a  particular 
specimen  or  specimens  of  the  materials,  selected  irom  so  large  a  bulk 
as  that  operated  on  in  the  furnace.  The  composition  of  the  gases  is 
therefore  a  more  convenient,  if  not  the  only,  mode  of  estimating  the 
progress  of  the  changes,  as  they  occur  at  different  heights  of  the 
furnace.  Practically  we  may  consider  the  gases  at  or  a  little  above  the 
tuyeres  to  consist  of  atmospheric  nitrogen  and  oxygen,  accompanied, 
when  making  grey  iron,  by  as  much  'carbon  as  converts  the  latter  gas 
into  carbonic  oxide.  Any  addition  of  oxygen  to  this  normal  quantity 
must  be  derived  from  the  limestone  or  ore;  and  any  subsequent  increase 
of  carbon  in  the  gases  must  be  contributed  by  the  limestone  or  coke. 
This  assumption  pre-supposes  that  any  carbonic  acid  in  the  ore  has 
been  expelled  by  calcination,  and  neglects  taking  into  account  the 
comparatively  small  weight  of  oxygen  due  to  the  decomposition  of 
hygrometric  moisture. 

This  pneumatic  estimate  is  subject  to  many  causes  of  disturbance. 
The  specimen  of  gas  obtained  for  examination  is  necessarily  drawn  from 
a  space  of  limited  dimensions,  and  may  be  so  affected  by  local  con- 
ditions, as  not  to  represent  an  average  of  the  zone  from  which  it  is 
drawn.  From  any  irregularity  produced  in  the  way  just  described,  the 
gases  at  the  point  of  final  discharge  may  be  considered  to  be  exempt; 
but  these  again  are  liable  to  very  great  fluctuations  in  composition, 
according  to  the  period  after  charging  at  which  they  are  taken.  The 
fillers,  as  a  rule,  have  their  furnace  quite  full  at  noon,  when  they  go  to 
dinner ;  and  between  this  hour  and  one  o'clock  no  fresh  charges  arc 
introduced.  During  this  period  the  carbonic  oxide  is  rapidly  acidified 
by  the  oxide  of  iron,  and  the  temperature  of  the  gases  rises  considerably. 

The  following  table  exhibits  the  volumetric  composition  of  the 
gases,  commencing  a  little  before  noon,  when  the  quantity  of  carbonic 
acid  was  much  below  the  usual  average — owing  probably  to  its  action 
on  the  softer  portions  of  coke,  in  the  manner  described  in  the  Section 
on  fuel.  The  furnace  supplying  the  samples  had  a  capacity  of  17,500 
cubic  feet : — 

L 
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Hour                         11-45             12-20         12-40  l"©                  1-20                2-0               rs 

Carb.  acid    ...       88    I     107       12-3  22*2    |        10-9    |       8-3      .     11-3 

Carb.  oxide  ...      287     I     292       25*2  16-9     &^     286    |     30-4    I    23-8 

Hydrc^en    ...       Ill       3-3         38  21    ^i       32    |       22    |      4-0 

Nitrogen      ...     61*4    J     568       68-7  58*8    «        57-8    |     59*1    *     6(W 

O    .    M    


100"  100-       100-       100-  100-  100-  100- 

Vols.  CO,  per  i     ^^^         ^^^     ^^^   ^^^^^  ^,^  ^^  ^^^^ 

100  vols,  of  CO  ) 


It  may  be  convenient  to  observe  that  giving  the  volumetric  relation 
of  CO  and  CO^  to  each  other,  expresses  at  the  same  time  the  ratio  of 
carbon  in  each  by  weight. 

The  large  increase  of  carbonic  acid  in  the  gases  just  referred  to,  is 
necessarily  accompanied  by  a  considerable  evolution  of  heat;  but  the 
heat  so  generated  is  practically  nearly  all  wasted,  because,  owing  to  the 
point  where  the  chemical  action  takes  place,  viz.  near  the  upper  surface 
of  the  materials,  it  is  carried  off  in  the  escaping  gases.  In  addition  to 
this  a  considerable  quantity  of  heat  rises  from  the  hearth,  and  being  no 
longer  intercepted  by  the  presence  of  freshly.charged  materials,  finds 
its  way  out  at  the  tunnel  head.  The  following  observations  made  in  a 
furnace  80  feet  in  height  with  a  capacity  of  25,500  cubic  feet, 
illustrate  the  rise  in  temperature  as  just  stated: — 


Temperature  of 
gues  after  charging. 

Period  during 
which  no  charge 
was  introduced. 

Temperature  of 

Kuesat 
end  of  period. 

BiMin 
temperatnre. 

•F. 

hp. 

min. 

•F. 

•F. 

No.  4  f  umace 

579 

1 

26 

816 

237 

» 

564 

1 

20 

814 

250 

» 

693 

1 

23 

797 

204 

»» 

586 

1 

40 

788 

202 

No*  5  f  amace 

608 

1 

30 

844 

286 

w 

eM, 

1 

20 

834 

190 

»» 

586 

2 

30 

887 

301 

n 

629 

1 

42 

867 
iverage  rise    ... 

238 

1 

36         A 

232- 129°  C. 

The  increase  of  temperature,  while  discontinuing  the  charging,  may 
be  thus  regarded  in  this  case  as  amounting  to  80°  C.  (144°  F.)  per  hour. 

The  increase  of  carbonic  acid  in  the  gases  and  the  rise  in  their 
temperature,  are  chiefly  due  to  the  ore  parting  with  its  oxygen  and  thns 
acidifying  the  carbonic  oxide  and  partly  to  a  dissociatiun  of  carbonic 
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oxide.  A  preciaely  opposite  effect  is  produced  when  coke  alone  is 
introdnced — the  carbon,  particnlarly  the  softer  portions,  as  described 
in  Section  YII.  are  attacked  by  the  hot  carbonic  acid  and  the  relations 
in  the  yolmne  of  the  two  carbons  nndergo  an  immediate  change. 

Dnring  50  minutes  no  materials  had  been  charged  into  a  furnace 
of  80  feet  haying  a  capacity  of  17,500  cubic  feet. 


Garb.  Oxide.  Oub.  Acid. 


At  end  of  this  lime  the  carbonic  oxide  and  carbonic 

acid  gases  were  found  to  exist  in  the  ratio  of 
62  cwts.  of  coke  were  then  introduced,  immediatelj 

after  which  the  escaping  gases  contained  for 
In  16  minutes  after  this  the  proportions  were 
42       „        after  hist  trial 
45 
55 
25 


Vols. 


Vols. 


100    to     106 


» 


»f 


>» 


»t 


» 


>t 


100  .. 

.   58 

100  .. 

• 
44 

100  .. 

54 

100  .. 

.  128 

100  .. 

.   96 

100  .. 

44 

The  lesson  taught  by  the  figures  just  given  is,  that  those  portions 
of  the  coke  more  easily  attacked  by  carbonic  acid  give  rise  to  a 
large  decrease  of  this  gas  by  its  conversion  into  carbonic  oxide.    This 
goes  on  until  these  are  gasified,  when  the  carbonic  acid  commences  to 
increase  in  quantity  by  not  finding  any  more  carbon  which  it  is  capable 
of  dissolving.    Ultimately  the  proportion  of  carbonic  acid  again  falls, 
owing  to  the  fact  that  the  greater  portion  of  the  ore  is  reduced  and  is 
incapable  of  furnishing  the  right  equivalent  of  oxygen,  for  a  proper 
saturation  of  the  gases  with  this  element.    As  might  be  expected  the 
immediate  effect  upon  the  escaping  gases  by  the  introduction  of  coke, 
limestone,  and  ore  is  one  of  a  cooling  character,  arising  irom  the  mere 
fact  of  their  passage  through  substances  cooler  than  themselves.    I 
determined,  in  the  laboratory,  that  weight  for  weight,  the  power  of 
intercepting  heat  of  the  three  materials  used  in  the  Cleveland  district 
was  about  the  same.    Bulk  for  bulk  however,  the  ironstone  possesses 
double  the  cooling  capacity  of  coke  and  in  reality  it  was  found,  in  the 
blast  famace  that  24  cwts.  of  coke  reduced  the  temperature  of  the 
gases  21°  C.  (38®  F.)  while  50  cwts.  of  ore  and  limestone  cooled  them 
18®  C.  (28*'  F).i 


'  The  difference  in  the  laboratory  results  and  those  afforded  bj  the  f amaoe  is 
due  to  the  warmth  contained  in  the  ironstone  as  it  is  brought  from  the  kilns. 
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In  each  case  the  obfierv ation  was  made  five  minutes  after  charging  and 
before  the  materials  were  considered  to  have  become  sufficiently  heated 
to  start  chemical  action.  Of  course  on  introducing  a  complement  of 
the  materials^  or  a  round  as  it  is  termed,  the  cooling  action  becomes 
complicated — ^the  first  contact  of  the  gases  with  the  solids  is  acoom- 
panied  by  a  &11  of  temperature  of  the  former,  which  is  then  overpowered 
by  the  formation  of  carbonic  add,  consequent  upon  the  reduction  of 
the  ore — ^fnrther  cooling  takes  place  by  the  action  of  the  newly  formed 
carbonic  acid  on  the  coke  and  next  by  the  dissociation  of  the  limestone. 

When  the  materials  are  rapidly  charged,  as  happens  inmiediately 
after  the  dinner  hour,  the  net  result  of  the  two  antagonistic  tendencies 
just  spoken  of,  was  ascertained  at  the  Clarence  Works  to  be  one  of  a 
cooling  nature.  On  resuming  the  duty  of  charging,  it  requires  something 
like  one  hour  for  the  men  to  fill  the  fomace  to  its  proper  level,  during 
which  time,  about  20  tons  of  materials  are  introduced.  The  average 
of  eight  observations  indicated  a  fall  in  the  temperature  of  the  gases  of 
283°  F.  (129°  C.)  i.e.  they  feU  from  880°  to  597°  F. 

In  order  to  complete  the  observations  on  the  temperature  of  the 
escaping  gases  from  an  80  feet  furnace,  as  it  is  affected  by  charging, 
the  table  is  inserted,  containing  the  changes  in  temperature  five 
minutes  before  and  five  minutes  after  charging. 

In  conducting  any  experiments  to  determine  the  action  of  the 
furnace  gases  on  oxide  of  iron,  the  constant  changes  which  occur  in 
the  temperature  and  composition  of  the  former  must  be  borne  in  mind. 


Temperature 

before 

ohjurging. 

Nature  of  the  oharge 
introduoed. 

Temperature 

after 

charging* 

Mazimiim 

difference  between 

eaohchMge. 

•F. 

•0. 

•F. 

•C. 

•F. 

•c. 

655 

346 

24  cwts.  coke. 

640 

338 

— 

— 

525 

274 

50 

ft 

calcined  ironstone  and ) 
limestone. 

495 

256 

— 

130 

72 

4d5 

256 

24 

coke. 

450 

232 

— 

30 

17 

435 

224 

60 

ironstone  and  Umestone. 

416 

213 

— 

60 

34 

420 

215 

24 

coke. 

400 

204 

— 

15 

a 

380 

193 

50 

ironstone  and  limestone. 

365 

185 

— 

40 

22 

475 

246 

24 

coke. 

430 

221 

+ 

95 

53 

405 

207 

50 

ironstone  and  limestone. 

405 

207 

— 

70 

39 

395 

202 

24 

coke. 

375 

191 

— 

10 

5 

370 

188 

50 

ironstone  and  limestone. 

365 

185 

_ 

25 

14 
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Furnace  was  now  fnll — ceased  charging  for  one  hour.  Charges  sank 
4  feet  below  the  charging  bell  after  which  the  temperatore  rose  to 
700°  F.  (371®  C.)  when  charging  was  resamed. 


TemiMnitim 
before 


•  F.  •  C. 

700  371 

565  296 

630  277 

460  238 


Katun  of  the  charge 
introduoed. 


Temperature 

after 

ehaiciiig. 

•  F.  •  C. 

24  cwts.  coke.                                      625  329 

Furnace  chargei,  4  feet  down. 

50    „     ironstone  and  limestone.        635  268 

24    „      coke.                                       610  264 

60    n     ironstone  and  limestone.        445  229 


Maximum 

dUference  between 

eaefachaiieL 

•F.      •0. 
->-  330    183 


-136      76 

-  36      19 

-  70      39 


It  is  almost  needless  to  say  that  the  temperatures,  given  as  those 
taken  5  minutes  after  charging^  do  not  indicate  the  entire  cooling 
influence  of  the  charge;  for  it  will  be  seen  that  the  heat  of  the  gases 
continues  to  fall  up  to  the  period  at  which  the  succeeding  charge  is 
introduced. 

Upon  another  occasion  at  a  furnace  80  feet  high  with  a  capacity  of 
11,500  cubic  feet  the  following  readings  were  obtained.* — 


Hoar. 

A.X. 

10-  5  ... 
10-10  ... 
10-15  ... 
10-20  ... 
10-25  ... 
10-30  ... 
10-35  ... 
10-40  ... 
10-46  ... 
10'50  ... 
10-65  ... 

11-  0  ... 
11-  5  ... 

irio  ... 


No  materials  were  introduced  during  these  65  minutes.  Furnace 
by  this  time  was  three  complete  rounds  down,  equal  to  271^  cwts. 
Charged  25  cwts.  of  coke. 


Temperatoie. 

•F. 

•a 

575 

302 

606 

318 

670 

854 

700 

371 

760 

399 

800 

427 

836 

446 

875 

468 

935 

502 

975 

624 

1,016 

646 

1,025 

662 

1,075 

679 

1,140 

616 
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Hour. 

A.M.  •  F.  •  C. 

JLX,  XO       lam  «••  •••  ••«  ..(  ••■  •••  XjX4A/  OXO 

Charged  65^  cwts.  of  ore  and  flux. 
11*20    ...         ...         ...         ...         ...         ...         ...      1|025        658 

xX  ^O      ...  ...  ...  ...  .••  .••  ...  sfov  4ov 

Xx  0\f       ...  ...  ...  ...  ...  ...  ...  9vU  4«r«f 

Charged  25  cwts  of  coke. 

JL X  Ov       «••  •••  •■«  •••  •■•  •••  •••  JJOV  -BvJf 

Charged  65^  cwts  of  ore  and  flux. 

X X  TV       ...  ...  ...  ...  ...  ••■  9ov  4S7v 

Charged  25  cwts.  of  coke. 

X X  90   «•■      ■«•      •••      ■••      •••      •••      •••      Ovw      vJ« / 

11*50  Charged  65^  cwts.  of  ore  and  flax. 

Xx'&d     ...  ...  ...  ...  ...  ...  ...  fwO  SJISt 

Charged  25  c^i^.  of  coke. 

Xm         ^/  ■••  •••  m  m  n  •••  •••  •••  •«•  #  OT  V  OOv 

12'  5  Charged  65^  cwts.  of  ore  and  flnz. 

X^'xU     ...  ...  ...  ...  ...  ...  ...         ^lU         3oU 

X    X  v  ...  ...  ...  ...  ...  ...  ...  X«\#  §  v  V  9  § 

In  this  instance  the  temperature  of  the  gases  has,  from  the  mode  of 
charging,  risen  considerably  above  the  average  of  that  at  which  they 
leave  this  particular  furnace,  which  does  not  usually  exceed  630^  F. 
(382°  C.) 

In  making  any  estimate  of  the  quantity  of  heat  thus  carried  away 
in  the  gases,  an  allowance  must  be  made  for  that  contained  in  the  iron* 
stone  which  is  used  warm  from  the  kilns.  It  was  found  that  the 
temperature  of  the  ore  was  often  considerably  above  212°  F.  (100°  C.) 
so  that  when  cold  ironstone  was  being  used  the  gases  escape  220°  F. 
(122°  C.)  cooler  than  when  hot  ore  was  being  charged. 

Previous  to  commencing  an  examination  ofjb^  action  going  on  in 
the  furnace  itself,  much  care  was  bestowed  on  observing,  in  the  labora- 
tory, the  behaviour  of  the  materials  when  exposed  to  the  influence  of 
the  oxides  of  carbon  alone;  those  gases  being  employed  in  different 
proportions,  and  at  different  temperatures.  In  one  or  two  cases  these 
results  have  been  anticipated  in  page  65  and  following  pages ;  but  for 
the  sake  of  rendering  this  Section  more  complete  in  itself,  some  of 
them  will  be  repeated  upon  the  present  occasion,  accompanied  by 
certain  details  as  to  the  experiments  themselves. 


Temxwntuze. 

Duifttion 

of  Kxposore. 

Hours. 

Olereland 

Calcined  Stone. 

Percent 

LMicwwhire 
Red  Ore. 
Per  Cent. 

782°  F.  (4ir  C.) 

...       7 

9*4 

— 

770°  F.  (410°  C.) 

7J 

•  ■  ■                                                         •  fl  ■ 

871 

770°  F.  (410°  C.) 

7i 

...      20-7 

57-4 
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The  first  trialfl  wei-e  made  to  ascertain  the  temperatare  at  which  an 
ore  of  iron  commences  to  lose  its  oxygen.  In  the  case  of  Cleveland 
ironstone  it  was  found  that : — 

Faint  action  commenced  at         392°  F.  (200°  C.) 

Marked  action  at 410°  F.  (210^  C.) 

With  pure  precipitated  oxide  of  iron,  faint  action  manifested  itself 
at  285°  F.  (141°  C.)  and  marked  action  at  300°  F.  (149°  C.) 

The  next  observations  were  directed  to  learn  the  rate  at  which  ores 
of  yarioQS  kinds  parted  with  their  oxygen,  at  different  temperatures, 
when  subjected  to  the  action  of  carbonic  oxide.  The  following  numbers 
give  the  percentage  of  the  oxygen  originally  existing  in  the  oxide  of 
iron,  which  was  removed  during  seven  hours  exposure  : — 


Ist^rial 

2nd  M    ••• 

The  differences  perceived  in  these  two  experiments  were  suspected 
to  depend  on  the  rapidity  with  which  the  current  of  reducing  gas  was 
made  to  pass  over  the  oxide  of  iron.  Two  other  trials  were  made, 
preserving  the  temperature  at  the  same  point  in  each,  viz.  41 0"^  C. 
(770**  F.),  and  both  were  continued  during  6  hours.  In  the  first 
experiment  10*5  litres  per  hour  and  in  the  second  40*8  litres  were 
employed.  With  the  smaller  quantity  it  will  be  found  that,  for  every 
nnit  of  oxygen  removed  from  the  ore,  the  proportion  of  carbonic  acid 
in  the  gas,  after  the  duty  is  performed,  must  be  more  than  six  times 
that  which  exists  when  the  larger  volume  is  employed.  In  other  words, 
the  reducing  gas  being  less  saturated  with  oxygen  in  the  latter  than  in 
the  former  case,  the  rapidity  with  which  it  withdraws  this  gas  from  the 
ore  is  proportionately  greater.  The  following  figures  give  the  rates 
at  which  reduction  proceeded,  during  an  exposure  of  six  hours,  in  the 
two  experiments  in  question : — 

Oaloined  Clereland         Luioashire 
T<»..w.,M«..w>  Ironatone.  Ore. 

Temperature,      oxygen  remoYed.  Oxysen  remored. 

Per  Cent  Per  Cent. 

Slow  current  of  carbonic  oxide      770°  F.  (410°  C.)         37*3  86-9 » 

Rapid  „  »,  770°  F.  (410°  C.)         50-6  709 

^  In  this  instance  the  specimen  of  Lancashire  ore  from  some  cause  lost  less  oxygen 
than  the  Cleveland  ironstone,  but  as  a  rule  the  reverse  was  the  case. 


184        SECTION  IX. — CHEMICAL  CHANGES  IN  THE  BLAST  FUBNACE. 

When  the  temperatnre  at  which  the  ore  is  subjected  to  the  action 
of  carbonic  oxide  is  low,  the  action  is  very  languid ;  and  it  may  be 
doubted  whether  any  approach  to  complete  reduction  under  such 
circumstances  would  ever  ensue.  Thus  an  exposure  of  calcined  Cleve- 
land stone  to  a  current  of  this  gas  for  20^  hours,  at  a  temperataie  of 
420*"  F.  (216°  C),  failed  to  withdraw  more  than  13-65  per  cent,  of  the 
original  oxygen  which  the  mineral  contained  in  combination  with  iron. 
On  the  other  hand,  as  the  temperature  is  raised  above  that  which 
obtained  in  the  first  experiments  (770°  F.  or  410^  C),  reduction 
proceeds  at  a  vastly  accelerated  speed.  Oxide  of  iron  in  Cleveland 
calcined  stone  lost  oxygen  as  under : — 

At  a  heat  visibly  red  in  daylight        ...         63  per  cent,  in  8  hours. 
At  a  bright  red  heat     90      „  3|    „ 

The  change  experienced  by  carbonic  oxide  (CO)  when  passed  over 
oxide  of  iron,  is  its  conversion  into  carbonic  acid  (COg).  When  this 
latter  however,  at  certain  temperatures,  is  passed  over  metallic  iron- 
particularly  iron  in  a  fine  state  of  division,  such  as  what  is  known  as 
iron  sponge — it  rapidly  loses  the  equivalent  of  oxygen  it  has  previously 
absorbed  from  the  oxide  of  iron,  and  is  again  reduced  to  the  condition 
of  carbonic  oxide. 

The  temperature  required  for  this  reoxidation  of  metallic  iron  by 
carbonic  acid  is  notably  higher  than  that  necessary  for  the  reduction 
of  the  original  oxide.  At  572"  F.  (800°  C.)  there  was  no  action 
whatever;  but  at  782^  F.  (417^  C.)  a  slow  current  of  this  gas  (00,) 
was  almost  entirely  resolved  into  carbonic  oxide. 

We  have  thus  to  consider  two  antagonistic  forces,  due  to  the 
behaviour  of  the  two  oxides  of  carbon  (CO  and  COs)i  in  the  presence  of 
oxide  of  iron  and  of  metallic  iron :  for  when  oxide  of  iron  is  beii^ 
reduced  by  carbonic  oxide,  the  presence  of  carbonic  acid  retards 
reduction,  and  when  it  is  attempted  to  oxidize  metallic  iron  by  carbonic 
acid,  the  presence  of  carbonic  oxide  in  like  manner  impedes  the  action. 

Under  those  circumstances  it  is  easy  to  comprehend  that  there  must 
be  a  position  of  equilibrium,  in  which  the  two  gases  acting  in  reverse 
directions,  one  will  neutralize  the  other.    Hence  there  are  certain 

'  To  save  space  the  chemical  symbols  of  the  substances  under  consideration  will 
frequently  be  made  use  of.  Even  to  those  who  are  not  familiar  with  this  mode  of 
expression,  its  use,  from  the  context,  will  present  no  difficulty. 
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mixtiures  of  GO  and  CO,  which  at  certain  temperatares  arc  without  any 
reducing  action  on  oxide  of  iron ;  and  others  where  oxidizing  action  on 
metallic  iron  is  suspended. 

As  the  two  forces  in  question  are  not  called  into  existence  by 
temperatures  of  the  same  intensity,  nor  ai*e  influenced  in  the  same 
degree  by  each  increment  of  temperature,  it  follows  as  a  matter  of 
course  that  the  position  of  equilibrium  referred  to  is  altered,  as  the  heat 
is  increased  or  diminished.  The  position  of  equilibrium  is  further 
materially  affected  by  the  relative  quantity  of  oxide  which  is  exposed 
to  the  influence  of  the  mixed  gases. 

As  an  illustration  of  what  has  just  been  said,  carbonic  oxide  may 
be  passed  over  an  ore,  and  be  almost,  if  not  entirely,  converted  into 
carbonic  acid;  but  then  it  is  only  the  first  and  apparently  the  most 
loosely  held  portions  of  the  oxygen  which  are  torn  away  from  the  iron. 
This  happened  when  Cleveland  calcined  stone  in  large  excess  was 
submitted  to  a  current  of  carbonic  oxide  at  a  temperature  of  about 
800^  F.  (427°  0.) ;  but  m  1|  hours  only  6-25  per  cent,  of  the  oxygen 
combined  with  the  iron  was  removed,  although  the  gas  on  leaving  the 
apparatus  was  ahnost  wholly  composed  of  carbonic  acid. 

When  the  two  gases,  in  the  proportion  of  2  volumes  of  carbonic 
oxide  to  1  of  carbonic  acid,  were  passed  over  calcined  Cleveland  ore,  at 
about  the  same  temperature  as  in  the  preceding  case,  in  one  experiment 
only  "9  per  cent,  of  oxygen  was  lost  by  the  iron  oxide  in  5  J  hours, 
and  in  another  trial  extending  over  11^  hours  the  loss  of  original 
oxygen  was  4'd  per  cent.  Here  again  it  was  only  the  first  portions  of 
oxygen  which  were  withdrawn.  No  trace  of  metallic  iron  appeared  in 
the  ore  under  treatment.  These  facts  have  an  important  bearing  on  the 
actual  work  of  the  blast  furnace;  because  the  ratio  given  contains  above 
the  maximum  average  proportion  of  carbonic  acid,  as  found  in  the  gases 
escaping  from  a  modern  Cleveland  furnace,  however  large  its  dimensions 
may  be. 

We  have  already  seen  that  at  782°  F.  (417°  C.)  spongy  iron  was 
rapidly  oxidized  by  carbonic  add.  The  presence  of  an  equal  volume 
of  carbonic  oxide  however  completely  stops  this  action. 

If  pure  carbonic  add  (CO,)  be  passed  over  the  sponge  at  a  low  red 
iieat,  it  is  reduced  to  the  condition  of  carbonic  oxide;  but  as  soon  as  the 
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two  gases  arrive  at  the  proportiou  of  100  CO  to  150  CO,,  further  change 
of  composition  is  suspended. 

Perfectly  reduced  ore  was  exposed  to  a  mixture  consisting  of  about 
100  volumes  of  carbonic  oxide  to  GO  of  carbonic  acid,  at  a  bright  red 
heat.  As  soon  as  the  metallic  iron  had  absorbed  8'2  per  cent,  of  the 
oxygen  required  to  convert  it  iuto  peroxide  of  iron,  and  when  the 
carbonic  oxide  and  carbonic  acid  were  as  100  to  47,  all  further  action 
ceased;  although  the  experiment  was  continued  for  9^  hours  afler  this^ 
position  of  equilibrium  had  been  reached. 

The  same  experiment  was  repeated,  but  with  the  reduced  iron  raised 
to  a  temperature  approaching  whiteness.  A  point  of  equilibrium  wa» 
attained,  when  100  volumes  of  carbonic  oxide  were  accompanied  by 
only  11  of  carbonic  acid,  and  when  the  iron  had  absorbed  11*9  per 
cent,  of  the  oxygen  required  to  constitute  peroxide  of  iron. 

A  mixture  of  equal  volumes  of  the  two  gases  was  passed  over 
different  specimens  of  ores,  and  over  artificially  prepared  peroxide  of 
iron,  at  a  bright  red  heat,  until  they  ceased  respectively  to  be  further 
affected.  This  happened  when  about  one-third  of  the  oxygen  of  the 
latter  was  removed,  leaving  two-thirds  still  combined  with  the  iron. 

A  precisely  similar  trial  was  made  with  reduced  iron;  in  this  instance 
oxidation  Jbegan  at  once  and  ceased  as  soon  as  the  metal  had  absorbed 
two-thirds  of  the  oxygen  needful  for  constituting  peroxide  of  iron 
(FcaOs).     In  both  cases  the  product  was  protoxide  of  iron  (FeO). 

It  would  appear  then  that  a  considerable  excess  of  carbonic  oxide 
is  indispensable  for  the  reduction  of  the  oxides  of  iron,  so  that  the 
formula  representing  the  change  on  the  peroxide  may  be  thus 
expressed : — 

Fe.O,  +  9C0  -  2Fe  +  SCO,  +  6C0. 

in  which  it  will  be  seen,  that  there  is  exactly  as  much  oxygen  in  the 
i^esultiug  carbonic  acid,  as  there  is  in  the  carbonic  oxide  which  escapes 
unchanged. 

The  reduction  of  oxide  of  iron  by  carbonic  oxide  is,  however,  not 
quite  so  simple  an  action  as  might  be  inferred  from  what  has  preceded: 
i>.  something  more  takes  place  than  mere  loss  of  oxygen  by  the  ore,, 
and  conversion  of  a  portion  of  the  gas  effecting  this  change  into 
carbunic  acid. 
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While  one  portion  of  the  carbonic  oxide  undoubtedly  performs  its 
office  as  described,  another  acts  in  a  totally  different  manner;  for  it 
would  appear  that  a  portion  of  this  gas  is  always  split  up  into  carbonic 
acid  and  carbon.  We  must  suppose  that  two  equivalents  of  the  oxide 
(2C0)  containing  2G  and  20  are  required  for  the  change,  which  is 

represented  by  the  equation 

2C0  -  CO,  +  C 

In  the  description  given  of  this  curious  rearrangement  of  the 
elements^  I  suppose  that  the  reducing  agent  must  be  a  lower  oxide  of 
iron  and  that  the  action  was  probably  of  the  nature  expressed  in  the 
formula, 

FexOy  +  zCO  -  zC  +  Fe»Oy  +  B 

in  which  it  is  considered  that  x  is  greater  than  y,  in  other  words  that 
Fe,Oy  is  a  suboxide  of  iron,  containing  therefore  less  oxygen  than  the 
protoxide  FeO. 

It  has  been  since  urged  by  other  writers  that  the  presence  of  iron 
in  the  metallic  state  is  essential  for  the  reaction  in  question;  but  my 
own  experiments  did  not  lead  me  to  this  conclusion,  at  the  same  time 
it  is  clear  that  when  the  action  of  carbonic  oxide  on  the  oxide  of  iron 
has  gone  on  for  some  time,  metallic  iron  will  make  its  appearance. 
We  shall  then  have  a  mixture  of  the  three  substances,  viz: — 

MetaUic  iron.        Unknown  oxide  of  iron  FexOy.        Carbon. 

There  will  thus  be  set  up  among  these,  together  with  the  carbonic 
oxide  in  the  furnace,  a  tendency  towards  each  of  the  five  following 
reactions: — 

A. — ^Action  of  CO  on  FexOy,  producing  CO,  and  some  lower  oxide. 

B. — Reaction  of  this*  lower  oxide  on  CO,  reproducing  Fe^Oy  and  setting  free 

carbon. 
C. — ^Action  tif  carbon  on  Fe^Oy,  forming  metal  and  lower  oxide,  together 

with  CO  and  CO,. 
D. — Action  of  metallic  iron  on  CO,  reproducing  Fe^Oy  or  lower  oxide,  and 

setting  free  carbon. 
£. — Action  of  CO,,  set  free  in  above  reactions,  on  carbon,  metaUic  iron,  and 

lower  oxide  of  iron. 

It  has  to  be  observed  that  in  none  of  the  numerous  experiments 
performed  with  great  care  ten  years  ago,  by  my  then  assistant 
Dr.  C.  A.  Wright,  was  a  product  obtained  in  which  oxygen  was 

*  Vide  Transactions  Iron  and  Steel  Institute. 
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entirely  absent.  At  a  temperature  of  about  800^*  P.  (899®  C.)  carbon 
is  largely  deposited,  indicating  that  under  these  circumstanceB  the 
tendency  towards  carbon  deposition  is  much  in  excess  of  that  towards 
gasification. 

At  a  bright  red  heat  a  different  state  of  things  prevails.  The 
known  tendency  of  carbonic  acid  to  react  on  carbon  and  produce 
carbonic  oxide  prevents  any  large  deposit  of  carbon ;  but  even  here  a 
position  of  equilibrium  among  the  five  tendencies  referred  to  is  attained, 
and  both  carbon  and  oxygen  are  present  in  the  compound,  which  is  of 
such  a  nature  that  carbonic  oxide  has  no  action  on  it. 

Peroxide  of  iron  (PcaOg),  exposed  to  carbonic  oxide  at  the  tem- 
perature just  mentioned,  gave  a  substance  which  contained. — 

Fe  99-33  +  O  0-48  +  C  024  -  100 

Similar  treatment  applied  to  iron  perfectly  reduced  by  hydrogen 
from  peroxide  of  iron  gave: — 

After  one  hour's  exposure    ...     Fe  99*20  +  O  0-48  +  C  0*32  =  100 
After  four  „  ...     Fe  99-84  +  O  030  +  C  036  -  100 

It  appears  then,  that  by  the  action  of  pure  CO  on  metallic  iron 
some  oxide  of  iron  is  formed  and  free  carbon  is  set  free,  thus: — 

(A.)    aPe  +  b  CO  -  Fe»  Ob  +  b  C 

On  the  other  hand,  a  mixture  of  oxide  of  iron  lower  than  Pe,  0, 
and  carbon  ftimishes  by  heat  alone  metallic  iron,  CO  and  CO,. 

(B.)     Fcm  Oto  +  2n  C  =  m  Fe  +  2n  CO 
(C.)     Fem  Oin  +  n  C  -  m  Fe  +  n  COj 

Again  it  was  ascertained  that  Fe«  0,  exposed  to  the  action  of  CO 
gave  COa,  and  a  lower  oxide,  thus: — 

(D.)    p  Feji  Os  +  q  CO  -  Peap  0,p^  +  q  COg 

in  which  it  was  imagined  that  3p — q  was  always  a  positive  quantity 
(i.e,  is  always  less  than  3  p);  or,  in  other  words,  that  carbonic  oxide 
alone  is  not  able  to  produce  metallic  iron,  that  office,  if  completely  per- 
formed, is  accomplished  by  deposited  carbon  in  accordance  with  equa- 
tions B  and  C,  probably  the  lowest  point  to  which  CO  ahne  can  i-ednoe 
Pe^  Oa  is  expressed  by  the  composition  Pe,  0. 

Experiments  showed  that,  up  to  a  bright  red  heat,  the  tendencies 
expressed  by  equation  A  predominate  over  the  others,  metallic  Fe 
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nnder  the  inflaence  of  CO,  afc  all  temperatures  up  to,  and  including  a 
bright  red  heat,  becoming  more  or  less  oxidized  and  impregnated  with 
carbon. 

On  the  other  hand  it  seems  pretty  sore  that  considerable  quantities 
of  carbon  may  be  deposited  without  the  formation  of  any  metallic  iron 
whateyer. 

Whatever  uncertainty  may  attach  to  the  pi*ecise  mode  of  action  by 
which  carbon  is  thus  recovered  from  carbonic  oxide,  there  is  no 
difficulty  in  ascertaining  the  conditions  favourable  for  its  deposition. 

M.  Caron  apparently  imagined  that  something  approaching  a  red 
heat  was  most  favourable  for  the  reaction,  and  M.  Schinz  sets  it  down  as 
requiring  800°  to  900°  C.  (1,472°  to  1,652°  F.)  My  own  observations 
prove  beyond  any  doubt  that  it  commences  with  the  commencement  of 
reduction,  i.e.  at  or  a  little  above  400°  F.  (204°  C.)  At  this  tempera- 
ture however  the  deposition  of  carbon  is  very  slow;  but  at  469°  F. 
(248°  C.)  it  is  very  marked,  pure  peroxide  of  iron  throwing  down 
nearly  1  per  cent,  per  hour,  of  the  weight  of  iron  present  in  the  oxide. 
And  at  about  788°  P.  (420°  C.)  each  100  parts  of  iron  present  were 
found  to  be  associated  on  one  occasion  with  144  of  carbon,  after  an 
exposnre  of  7  hours;  being  a  deposition  equal  to  20  parts  per  hour. 

Different  oxides  however  vary  considerably  in  their  power  to 
dissociate  carbonic  oxide;  thus  after  6  hours  exposnre  at  a  temperature 
of  770^  F.  (410°  C.):— 

Blow  Onrrent.      Rapid  Cuirent. 
63  Llfcrat.  345  Litres. 

100  units  of  iron  present  in  Cleveland  calcined  stone 

precipitated  of  carbon     12*6  223 

100  units  of  iron  present  in  Lancashire  ore  pre- 
cipitated of  carbon  60'1  270'8 

100  nnits  of  iron  present  in  pure  precipitated  peroxide 

of  iron       78*7  .335*4 

As  the  temperature  is  raised,  the  extent  to  which  carbon  deposition 
takes  place  rapidly  diminishes.  After  4  J  hours  exposure  of  Cleveland 
calcined  stone,  at  a  temperature  below  redness,  to  a  current  of  this  gas 
(CO),  the  carbon  thrown  down  amouiited  to  64  per  cent,  of  the  iron 
present.  After  21  hours  exposnre,  at  a  heat  beginning  at  red  and 
ending  at  bright  red,  the  carbon  found  in  a  specimen  of  the  same  ore 
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only  amounted  to  2*8  of  the  metal  present  in  the  oxide  of  iron.  And 
in  another  trial,  when  the  temperature  was  increased  to  Teiy  bright 
redness,  the  carbon  only  amounted  to  *3  per  cent,  of  the  iron  present 
after  4J  hours  exposure. 

The  general  result  of  many  experiments  pointed  to  752^*  to  842**  F. 
(400°  to  450°  C.)  as  being  the  most  favourable  range  of  temperature 
for  this  phenomenon  of  carbon  deposition. 

The  presence  of  carbonic  acid  in  the  gas  passed  over  the  specimens, 
as  might  be  supposed,  interferes  greatly  with  the  dissociation  of 
carbonic  oxide,  although  reduction  may  proceed  pretty  rapidly.  The 
following  experiments  were  performed  on  calcined  Cleveland  stone: — 


Tomperafeure. 

CO 

VoU. 

CO, 

VoU. 

Houraof 
Ea^KMUitt. 

Peroentageof 
OronoTod. 

Owboaper 
100  Fe. 

525°  F.  (274°  C.) 

100 

100 

6 

8-8 

Na. 

832°  F.  (444°  C.) 

100 

100 

3 

28-7 

Nil. 

Bright  red 

100 

100 

H 

33-3 

Nil, 

770°  F.  (410°  C.) 

100 

50 

101 

10-0 

Nil. 

DuUred 

100 

50 

6 

13-5 

1-6 

770°  F.  (410°  C.) 

100 

33 

5 

4-4 

Nil. 

DuU  red 

100 

83 

5 

700 

1-5 

It  may  be  well  to  state  that  the  trials  about  to  be  referred  to  were 
undertaken  in  consequence  of  the  discovery,  that  not  only  did  different 
samples  of  peroxide  of  iron,  according  to  origin,  vary  greatly  in  their 
power  to  dissociate  carbonic  oxide,  but  that  the  same  variety  of  ore 
possessed  this  property  in  very  different  degrees.  This,  it  was  con- 
ceived, was  due  to  some  physical  differences  among  the  specimens; 
because  in  each  the  metal  was  in  the  state  of  peroxide.  The  sample 
(Cleveland  ironstone),  submitted  to  the  action  of  pure  carbonic  oxide, 
had  been  calcined  to  different  degrees  of  hardness,  as  a  ready  means  of 
obtaining  variations  in  their  physical  structure.  The  same  quantities 
(2  grammes  of  each  specimen)  were  placed  simultaneously  in  an  iron 
vessel  immersed  in  melted  lead,  and  a  pretty  uniform  temperature, 
viz.  770®  F.  (410®  C),  was  maintained  for  6  hours.  During  this  time 
65  litres  of  the  gas  were  passed  through  the  apparatus  in  the  first 
experiment,  and  218  litres  in  the  second. 

The  specimens  are  distinguished  by  the  letters  of  the  alphabet, 
a  being  the  least  calcined  and/ the  most  calcined. 
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Slow  Currsxt. 

Quick  Currsnt. 

Oxygen 

remoTed. 

Orunxnea. 

Oarbon 
deposited. 
OrammeB. 

Ratio  of  Carbon 

deposited  to 
Oxygen  remoTed. 

Oxygen 

removed. 
Grammes. 

Carbon 
deposited. 
Grammes. 

Ratio  of  Carbon 

deposited  to 
Oxygen  removed. 

a 

■017 

•160 

8-40 

•091 

•572 

6-28 

b 

•eiS'  c^t 

•354 

3-28 

•148 

1005 

679 

c 

•104 

•326 

313 

•121 

1-562 

12-89 

d 

•061 

•211 

3-46 

•201 

2^868 

14-24 

e 

•063 

•131 

209 

•200 

1125 

5-62 

f 

•025 

•006 

•13 

•104 

•659 

6-33 

Total      -408 


T  .-1  -IQ- 

-4Htf 


2-58 


•865 


7-791 


8-69 


It  is  not  of  course  to  be  wondered  at,  that  the  amount  of  reduction 
And  weight  of  carbon  deposited  should  be  more  marked  in  the  ra])id 
than  in  the  slower  current  of  the  carbonic  oxide;  but  it  happens  that 
not  only  do  the  213  litres  of  resulting  gas  contain  more  COg  than 
the  65  litres,  but  the  former  was  found  to  contain  more  CO,  than  the 
latter  per  unit  of  volume.  The  composition  of  resulting  gases  by 
Tolume  was  as  follows: — 

When  65  litres  were  passed  over  samples  in  6  hours  4-29CO,  +  95'71CO  -  100  vols. 
„    213  ,,  „  8-22CO,  +  91-78CO « 100     ,. 

Other  trials  afforded  similar  results  as  regards  the  much  larger 
amount  of  oxygen  removed  and  carbon  deposited  in  the  way  described; 
although  it  did  not  always  happen  that  the  carbonic  acid  (COs)  in  the 
rapid  current  was  so  much  in  excess  of  that  in  the  slow  current. 

There  is  no  doubt  that  a  very  moderate  elevation  of  temperature 
suffices  to  expedite  the  action  of  carbonic  oxide  on  oxide  of  iron:  thus 
we  have  the  Cleveland  calcined  stone  losing  its  oxygen  at  the  following 
rates: — 

'^  Loss  of  Oxygen. 

First  indication. 

Marked  action. 

Loss    *28  per  cent,  per  hour  of  original  O  combined  with  Fe. 

1-31 

5-80 

On  the  whole  I  am  inclined  to  the  belief  that  some  slight  elevation 
of  temperature  accompanies  the  rapid  passage  of  the  gas,  owing  to  a 
more  energetic  action  than  takes  place  with  the  slower  current,  and  that 
this  rise  of  temperature  in  its  turn  has  promoted  chemical  action.    In 


Temperature. 
*»  P.       •  C. 


392 

410 
440 
515 
779 


(200) 
(210) 
(227) 
(268) 
(415) 


>* 


i> 


»» 


I* 


»> 


>i 


>» 


>» 
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the  above  figares  it  will  be  noticed,  in  the  third  and  fourth  examples, 
that  a  rise  of  76°  P.  (42«  C.)  or  from  440^  F.  to  bW  F.,  has  in- 
creased the  reduction  above  four-fold. 

There  is  no  regular  correspondence  of  the  amount  of  carbon 
deposited  with  the  quantity  of  oxygen  removed,  as  will  be  perceived 
on  reference  to  the  table  already  given.  In  it  the  carbon  deposited  by 
the  slow  current  varies  from  '13  (/)  to  3'46  (d)  per  unit  of  oxygen; 
in  the  rapid  current  the  fluctuation  is  from  5*62  (e)  to  14*24  (d). 
This  is  probably  determined  by  some  minute  differences  in  the 
physical  condition  of  the  oxide  under  treatment;  for  it  was  distinctly 
ascertained  that  such  differences  greatly  affected  the  results  manifested 
by  the  simultaneous  exposure  of  different  specimens  to  a  current  of 
carbonic  oxide,  in  the  same  vessel,  and  all  heated  alike.  The  results 
were : — 

Carbon  per  100      *^'*^«?5«* 
of  Iron  present.  ^Ic^ 

Peroxide  of  iron  obtained  from  calcining 

sulphate  of  iron          476*5  ...  72*6  ' 

Precipitated  peroxide  of  iron       3S5*4  ...  80*6 

Lancashire  hematite          270*8  ...  710 

Calcined  Cleveland  stone 22'3  ...  50*7 

So  far  then  as  my  own  examination  goes,  I  see  no  reason  to  infer 
that  there  is  necessarily  any  connection  between  the  rate  of  reductioa 
and  that  of  carbon  deposition.  The  two  actions  are  probably  quite 
distinct  in  their  operation;  and  reduction,  at  least  when  the  mixture 
of  the  two  gases  contains  one  of  carbonic  acid  to  two  parts  in  volume 
of  carbonic  oxide,  can  be  effected  without  any  carbon  deposition  being 
manifested. 

In  the  experiment  performed  to  prove  this,  the  temperature  was 
410°  C.  (770°  F.)  and  the  exposure  lasted  for  5^  hours.  A  specimen 
of  Cleveland  stone  lost  2'2  per  cent,  and  one  of  artificially  prepared 
peroxide  of  iron  lost  7'9  per  cent,  of  their  original  oxygen,  without 
there  being  any  appearance  of  deposited  carbon. 

As  already  mentioned  a  question  lias  been  raised  respecting  the 
conditions  needed  for  this  dissociation  of  carbonic  oxide,  some  main' 
taiuing  that  the  presence  of  metallic  iron  is  indispensable.  There  is  no 
doubt  that  reduced  iron,  when  exposed  to  a  current  of  carbonic  oxide, 
rapidly  decomposes  the  gas  in  the  manner  described. 
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At  a  temperature  of  770**  F.  (410^  C.)  perfectly  reduced  iron  threw 
down  in  4^  hours,  20*3  per  cent,  of  its  weight  of  carbon. 

At  a  dull  red  heat,  23*8  per  cent,  of  carbon  was  found  in  iron 
sponge,  after  being  exposed  for  one  hour  to  carbonic  oxide. 

It  has  been  demonstrated  that,  wheneyer  this  gas  (CO)  is  passed 
OTer  metallic  iron,  a  certain  amount  of  the  metal  is  reoxidized.  On 
the  other  hand  I  am  not  disposed  to  admit  that  metallic  iron  is 
indispensable  for  setting  up  the  action  under  consideration,  viz.  the 
deposition  of  carbon.  Of  course,  when  a  given  quantity  of  oxide  of 
iron  has  lost,  even  the  first  portions  of  its  oxygen,  one  of  two  things 
may  have  taken  place — either  there  may  be  some  metallic  iron  present, 
which  has  lost  the  whole  of  its  oxygen  or,  as  is  more  likely,  there  has 
been  a  partial  reduction  of  a  large  quantity  of  oxide  of  iron,  without 
any  being  reduced  to  the  state  of  metal. 

I  am  led  to  the  belief  that  metallic  iron  is  not  indispensable  for 
determining  the  dissociation  of  carbonic  oxide,  from  having  observed 
free  carbon  in  oxide  when  only  7*4  per  cent,  of  the  oxygen  originally 
present  was  removed.  It  had  further  been  ascertained  by  Dr.  Wright 
that  an  aqueous  solution  of  iodine  was  capable  of  dissolving  metallic 
iron,  leaving  the  oxides  untouched.  Thi^  treatment  enabled  us  to 
ascertain,  that  in  many  cases  of  carbon  deposition  no  iron  in  the 
metallic  form  was  present.  Again,  if  iron  in  its  perfectly  reduced 
form  were  needed,  it  might  be  expected  that  spongy  iron  would  split 
up  carbonic  oxide  more  readily  than  the  oxide.  The  following  experi- 
ment proves  the  contrary,  although  it  was  performed  simultaneously 
on  specimens  in  the  same  vessel,  which  were  exposed  during  a  period 
of  nine  hours  to  a  temperature  of  800°  F.  (427°  C.):— 

Ovbon  d«potlted 
per  100  of  Irou  present. 

Pamioe  stone  Batnrated  with  peroxide  of  iron        808 

Anhydrous  pfrecipitated  peroxide  of  iron      207 

l^eroxide  of  iron  from  calcined  8ul})hate       206 

Spongy  iron  from  peroxide  reduced  by  hydrogen 158 

Before  leaving  the  subject  of  dissociation  of  carbonic  oxide,  it  may 
be  remarked  that  the  power  of  certain  other  substances  to  split  up  the 
gas  was  also  made  the  subject  of  experiment.  The  results  are  classified 
as  under: — 
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SubstADceB  capable  of  precii^tatiDig 

Carbon  from  Carbonlo  Oxide.  Subetaooee  devoid  of  thto  power. 

Oxide  of  nickel  (NiO).  Dioxide  of  manganefle  (MnO,). 

„  „      (^U^s)*  Manganoao-manganic  oxide  (Mii,0«). 

Metallic  nickel.  Oxide  of  copper  (CaO). 

Oxide  of  cobalt  (Co^O^).  Metallic  copper. 

Metallic  cobalt.  Oxide  of  zinc  (ZnO). 

Titanic  acid.  Oxide  of  tin  (SnO). 

Oxide  of  chromium  (CrO). 

Oxide  of  lead  (PbO). 

Platinum. 

Silicon  doubtful. 

The  experiments  setting  forth  the  results  just  given  were  carried  on 
at  various  temperatures,  from  that  of  melting  zinc  to  a  red  heat»  and 
during  different  periods  of  time,  often  for  six  hours  and  more.  It  may 
be  remarked  that  nickel  and  cobalt  possess  this  power  of  spUtting  up 
carbonic  oxide  in  a  remarkable  degree,  and  it  was  proved  that  a 
mixture,  containing  carbonic  oxide  and  carbonic  acid  in  equal  volumes, 
possessed  the  property  of  completely  reducing  both  these  metals  from 
their  oxides  at  a  low  red  heat. 

The  next  item  which  demands  attention  is  the  power  which  carbon 
possesses  at  elevated  temperatures  of  splitting  up  carbonic  acid:  and  it 
is  by  no  means  an  unimportant  one  in  the  economy  of  the  blast 
furnace.  As  already  stated,  one  unit  of  carbon  burnt  to  carbonic  add 
affords  8,000  calories;  instead  of  which  in  the  action  in  question 
(viz.  CO,  +  C  =  2C0)  the  two  units  of  carbon  involved  in  the 
decomposition  give  only  2  x  2,400  or  4,800  units,  being  a  direct  loss 

of  (16.000 -^>800)  6,600  heat  unite. 

The  extent  to  which  so  great  a  loss  as  that  just  indicated  can  take 
effect  is  limited  of  course  by  the  quantity  of  carbonic  add  introduced 
as  such  or  which  can  be  generated  in  the  fiimaoe.  This  on  20  units 
of  Cleveland  pig  iron  may  be  taken  to  be  as  follows: — 

GwbonUBilik 
Carbon  raised  to  condition  of  carbonic  acid  by  deoxidation  of 
peroxide  of  iron,  regarding  20  units  of  pig  as  containing 
18*6  units  of  actual  iron 5'97 

Carbon  raised  to  condition  of  carbonic  acid  by  dissociation  of 

carbonic  oxide,  a  similar  weight  being  dissolved  in  pig  iron  ...  0^ 

Carbon  as  carbonic  acid  in  the  usual  quantity  of  limestone,  say 

10^  unite  per  20  units  of  Cleveland  pig  iron 1*26 

7*88 
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Now  the  largest  average  qaantitj  of  carbon  as  carbonic  acid  I  can 
recollect  meeting  with  in  the  gases  from  the  Clarence  furnaces  was 
6'52  units  per  20  nnits  of  pig  iron.^    There  was  thus  a  diminntion  in  \ 
the  carbonic  acid  of  1*81  carbon  nnits,  cansed  no  donbt  by  the  solvent 
power  of  carbonic  acid  on  carbon  in  the  fuel. 

It  is  very  easy  from  what  has  preceded,  to  estimate  the  loss,  in  a 
calorific  point  of  view,  which  is  entailed  by  the  disappearance  of 
carbonic  acid  as  represented  by  the  1*81  nnits  of  carbon. 

Let  ns  assume  that  the  coke  consumed  per  20  units  of  iron  in  the 
case  referred  to,  was  21^,  which  may  be  regarded  as  equivalent  to  20 
units  of  pure  carbon.  It  will  hereafter  be  shown  that  the  carbonic  acid 
<X)ntained  in  the  limestone  is  given  off  under  conditions  which  render  it 
impossible  that  it  can  escape  decomposition.  The  theoretical  evolution 
of  heat  by  the  20  units  of  carbon  is  as  follows. — 

20^00  units  of  carbon  contained  in  the  ooke. 
1*26   „    deducted  as  dissolved  by  carbonic  acid  of  limestone. 

Cftlories. 
18*74  „    burnt  in  hearth  to  state  of  carbonic  oxide  x  2,400  -^      4^976 
6'57   „   of  the  18'74^  the  limit  to  which  it  is  considered  as  possible 

for  carbon  to   escape  as  carbonic   acid  x  5,600  <-      36,792 


Total  evolution  by  the  extent  to  which  oxidation  ef  carbon 

can  be  carried       81,768 


For  the  oxidation  as  it  was  in  reality  effected  we  have  the  following 
figures: — 

2000  units  of  carbon. 
1*31   „    as  carbonic  acid  which  have  disappeared  from  the  gases  carrying  with 
it  the  same  weight  of  carbon. 

Calories. 
18*69   „    burnt  to  state  of  carbonic  oxide  in  hearth  x  2,400  i-      44356 
6*52   „    of  the  18*69  burnt  to  carbonic  add  x  5,600  ->        ...      86,612 
(yOS  „    burnt  in  reducing  sone  to  state  of  carbonic  oxide  by 

action  of  carbonic  acid  x  2,400  - 120 


81,488 


'  Care  must  be  taken  to  discriminate  between  the  oeecuional  amount  of  CO,  in 
the  gsses  and  the  avrage  quantity.  This  subject  has  been  already  referred  to  at 
the  beginning  of  the  present  Section. 
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Showing  a  loss  of  under  one-half  per  cent,  as  compared  with  the 
fall  theoretical  quantity  of  heat  considered  capable  of  being  evolTed. 

Soft  coke  has  been  ahreadj  mentioned  in  Section  Vll.  as  an 
unpopular  form  of  fuel  with  fdmace  managers.  Certain  experiments 
proving  this  were  set  out  in  detail  and  need  not  be  repeated  in  the 
present  place. 

This  is  probably  to  some  considerable  extent  due  to  its  tendency  to 
be  crushed,  which  by  directing  the  reducing  gases  into  chamiels 
preyents  their  becoming  as  completely  saturated  with  oxygen  as  other- 
wise would  happen.  There  is  at  the  same  time  no  doubt  that  the 
power  of  coke  of  this  description  to  split  up  carbonic  acid  into  carbonic 
oxide  exceeds  that  of  the  hard  silvery  description,  which  is  in  sndk 
favour  at  our  iron  works.  In  addition  to  the  experiments  already 
given  specimens  of  each  of  the  above-named  varieties  of  coke  were 
exposed  at  a  bright  red  heat  (1,560°  to  1,580^  P.),  for  the  same  time, 
to  the  action  of  a  current  of  carbonic  acid.  In  the  case  of  the  soft 
coke  1 8*7  per  cent,  of  the  carbon  in  the  carbonic  acid  was  reduced  to 
the  state  of  carbonic  oxide,  while  in  that  of  the  hard  coke  the  propor- 
tion of  carbon  so  altered  was  only  7*3  per  cent,  of  the  total  quantity. 

In  addition  to  the  example  given  in  Section  VII.  upon  another 
occasion,  after  lighting  a  large  number  of  new  ovens,  a  considerable 
quantity  of  soft  coke  was  delivered  to  the  Clarence  works.  The 
quantity  of  carbonic  acid  found  in  the  gases,  per  ton  of  iron  made,  fell 
considerably,  and  the  consumption  of  coke  rose  in  proportion.  Ten 
analyses  of  the  escaping  gases  gave  the  following  results  by  volume: — 

Oarbonio  Add.      Carbonic  Oxide.          Hydrogen.  Nitrogen. 

9-6  ...  30-6  ...  1-5  ...  68-3 

9-5  ...  80-6  ...  1-6  ...  58*5 

10-5  ...  27-6  ...  1-5  ...  60-4 

10-6  ...  28-4  ...            -9  ...  601 

110  ...  30-8  ...  '8  ...  67-4 

11-2  ...  30-6  ...  1-0  ...  57-2 

10-0  ...  29-3  ...  r5  ...  59-2 

100  ...  31-3  ...  1-4  ...  67-3 

10-8  ...  27-0  ...  1-4  ...  60-8 

108  ...  27-4  ...  1-6  ...  60-2 


Average...  10-4  29-36  1-31  5894  -  100  vols. 
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These  figures  indicate  that  the  volnme  of  carbonic  acid  to  that  of 
carbonic  oxide,  instead  of  being  40  or  45  to  100,  as  it  might  easily  be, 
'exists  only  in  the  proportion  of  85*4  to  100,  and  that  the  weight  of 
carbon  fcdlj  oxidized  bears  a  ratio  to  the  lower  oxide  of  1  to  2*81, 
instead  of  a  little  below  1  to  2  or  1  to  2*2.  This  difference  in  the 
proportions  is  of  conrse  not  wholly  due  to  the  redaction  of  carbonic  add 
to  the  state  of  carbonic  oxide,  bnt  in  considerable  part  to  the  mere 
Edition  of  carbon  in  the  extra  quantity  of  coke  consumed. 

This  same  loss  of  heat,  consequent  upon  carbon  splitting  up 
•carbonic  acid  into  carbonic  oxide,  also  ensues  whenever  carbon  is  the 
reducing  agent ;  because,  as  in  the  former  case,  the  heat  units  evolved 
iffe  those  resulting  from  the  burning  of  carbon  to  carbonic  oxide. 
Fortunately  the  temperature  at  which  this  reaction  (FeO  +  C  = 
Fe+GO)  takes  place,  as  we  have  already  seen  in  a  previous  Section, 
is  considerably  higher  than  that  at  which  reduction  of  oxide  of  iron  is 
effected  by  carbonic  oxide,  with  generation  of  carbonic  add.  In  the 
case  therefore  of  a  furnace  of  sufScient  dimensions,  working  properly 
with  suitable  materials,  deoxidation  of  the  ore  by  this  gas  is  almost 
entirely  completed,  before  its  arrival  at  that  region  where  the  tempera- 
ture is  sufficiently  intense  to  enable  carbon  to  reduce  oxide  of  iron. 
The  power  of  carbon  to  act  on  oxide  of  iron  appears,  like  that  of 
carbon  on  carbonic  acid,  to  be  greatly  modified  by  the  physical  condition 
of  the  coke  containing  it. 

Spedmens  of  caldned  Cleveland  ironstone  were  mixed  with  carbon 
in  the  form  of  coke,  graphite,  deposited  carbon  and  charcoal;  and 
placed,  endosed  in  tubes  with  a  capillary  opening,  in  the  hot  blast  pipe 
of  one  of  the  Clarence  furnaces,  the  temperature  of  which  varied  from 
1,000°  to  1,080°  F.  (538°  to  582^  C.)  After  48  hours  of  such  exposure, 
the  following  were  the  results : — 

iff«*&ii{A  Peroxide         Per  Cent,  of 

SSir  reduced  to    original  Ozjgen 

"^'^-  Protoxide.         xvmored. 

Coke  including   hard  and  soft,  six 

specimens  gave NU.  ...  Nil.  ...  NiL 

Graphite         NU.  ...  NU.  ...  Nil. 

Carbon  deposited  from  carboiuc  oxide 

dried        NiL  ...  2'3  ...  2*40 

Deposited  carbon, previously  ignited  NU.  ...  *3  ...  '32 

Charcoal  dried           NU.  ...  600  ...  6-50 

„        previously  ignited  strongly  Nil.  ...  1*60  ...  172 
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In  an  earlier  page  of  the  present  Section  it  was  explained  that  a 
current  of  carbonic  oxide  at  a  temperature  of  770^  F.  (410®  C.) 
removed  37*3  per  cent,  of  the  oxygen  contained  in  Cleveland  calcined 
stone  in  6  hours;  and  that  a  more  rapid  current  of  the  gas  separated 
as  much  as  50*6  per  cent,  in  the  same  period  of  time.  On  the  other 
hand  we  have  just  seen  that  coke,  when  exposed  in  contact  with  the 
same  ore  for  48  hours  at  a  temperature  of  above  1,000^=^  P.  f  538**  C), 
is  not  affected.  This  difference  of  results  is  probably  due  to  the  easy 
penetration  by  the  gas  into  the  interstitial  spaces  of  the  ore,  which 
does  not  happen  when  solid  carbon  is  the  reducing  agent.  Otherwise 
it  is  only  reasonable  to  suppose  that  carbon,  having  its  power  to 
combine  with  oxygen  in  no  way  blunted  by  any  previous  saturation 
with  this  element,  as  is  the  case  with  carbonic  oxide,  must  be  the  more 
ready  of  the  two  to  tear  it  from  the  oxide  of  iron.  These  differences 
of  temperature,  at  which  the  two  series  of  actions  are  set  up,  explain 
how  a  closer  approximation  to  complete  reduction  may  be  obtained  by 
carbonic  oxide,  in  a  properly  constructed  furnace,  before  the  materials 
reach  that  zone  where  the  heat  is  intense  enough  to  enable  carbon  to 
act  on  oxide  of  iron  or  on  carbonic  acid.  Why  one  or  both  the  last- 
mentioned  changes  may  take  place  in  a  less  perfect  form  of  furnace  will 
be  pi*esently  explained. 

It  is  however  a  much  more  diflScult  matter  to  avoid  the  loss  which 
ensues  from  the  presence  of  the  carbonic  acid  set  free  from  the  flux 
employed;  because,  although  the  generation  of  the  carbonic  add  by 
reduction  of  the  ore  is  effected  at  a  comparatively  low  temperature,  it 
is  otherwise  with  the  expulsion  of  the  carbonic  acid  from  the  limestone* 
It  had  been  ascertained  that  caustic  lime,  when  exposed  to  a  red  heat 
in  an  atmosphere  of  carbonic  acid,  became  speedily  converted  into 
carbonate;  it  is  highly  improbable  therefore  that  the  limestone,  until  it 
reaches  a  depth  in  the  blast  furnace  where  there  is  little  or  no  carbonic 
acid  generated,  or  where  the  temperature  is  considerably  above  a  red 
heat,  will  part  with  any  notable  quantity  of  the  carbonic  acid  it 
contains. 

It  was  proved  experimentally  that,  when  this  acid  (00^)  was  passed 
over  a  mixture  of  hard  coke,  from  which  all  volatile  matter  had  been 
expelled,  with  limestone,  then  the  carbonic  acid  employed  suffered  partial 
decomposition  before  the  lime  parted  with  any  of  its  carbonic  add. 
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The  &ctSy  as  thus  stated,  point  to  the  possibility  of  the  carbonic  acid 
of  the  flux  being  retained  by  the  lime,  until  it  reaches  a  point  where 
temperature  and  the  presence  of  carbon  render  it  impossible  for  this 
higher  oxide  of  carbon  to  exist.  If  this  be  so,  we  must  regard  the  loss 
of  heat  accompanying  the  reduction  of  the  carbonic  acid  of  the  lime- 
stone to  carbonic  oxide,  to  be  in  a  great  measure,  if  not  entirely, 
unavoidable.  Experience  indeed  has  not  demonstrated  that  any 
perceptible  economy  results  from  the  use  of  quick  lime  in  a  Cleveland 
furnace  of  modem  construction.  This  is  probably  due  to  the  readiness 
with  which  quick  lime  absorbs  carbonic  acid,  of  itself  no  doubt  a  source 
of  heat  evolution.  The  resulting  elevation  of  temperature  however 
vriU  take  place  so  near  the  top  of  the  ftamaoe  that  its  beneficial  effect 
in  heating  the  materials  is  lost,  thus  leaving  the  absorption  of  heat, 
due  to  the  decomposition  of  the  carbonic  add,  absorbed  by  the  caustic 
lime,  to  cool  the  contents  of  the  furnace  at  a  point  where  such  cooling 
is  prejudicial. 

Having  thus  considered  the  circumstances  which  attend  the  action 
of  carbon  and  that  of  the  two  carbon  gases  on  the  ore  and  on  the 
reduced  iron,  as  well  as  on  the  fiiel  and  flux,  we  may  now  proceed  to 
apply  the  information  thus  acquired  to  the  blast  furnace  itself;  and  to 
compare  the  experimental  results  with  those  furnished  by  the  actual 
smelting  process. 

There  does  not  appear  any  reason  for  thinking  that,  if  highly 
heated  carbon  meets  its  equivalent  of  oxygen,  in  the  proportion  to 
form  carbonic  oxide,  this  gas  may  not  be  the  sole  product  of  combustion. 
In  the  hearth  of  a  blast  furnace,  receiving  something  like  100  cubic 
feet  of  air  per  second,  an  instantaneously  complete  admixture  of 
fuel  and  oxygen  is  of  course  impossible;  and  accordingly  a  certain 
quantity  of  carbonic  acid  may  be,  and  is  generally,  found  at  or  about  the 
spot  where  the  blast  enters.  Indeed  at  certain  points  free  oxygen  may 
be  occasionally  detected. 

Samples  of  the  gas  were  taken  on  five  occasions,  at  a  tuyere  from 
which  the  blast  was  shut  off,  so  that  roughly  the  specimens  were 
collected  at  a  distance  of  4^  feet  in  a  horizontal  line  from  the  tuyeres 
at  which  the  air  continued  to  be  admitted. 
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which  are  secured  by  exposing  the  ore  to  the  action  of  the  gases  lower 
down  in  the  furnace^  which  in  this  case  was  one  of  48  feet  in  height: — 


HonTB  of 
exposure. 

DiBtUlM 

from  top. 

Approzlinafee 
Temperature. 
•  P.           0  0. 

Vol*.  CO.  per 
100  Vols.  do. 

Loesof 

oiigiiisl  Oijven. 

Percent 

2       ... 

4*3  feet     . 

800  ...  426 

23 

11*8 

2       ... 

9-9    „       . 

..      1,250  ...  676 

7 

76-2 

2       ... 

16-7    „       . 

..     1,600  ...  865 

...           2 

76-3 

2       ... 

21-5    „       . 

..     1,800  ...  982 

...            9 

81-7 

Carbon  deposition  took  place  upon  two  different  occasions,  under 
the  circumstances  given  below,  on  exposing  calcined  Cleveland  stone  to 
the  action  of  the  escaping  gases: — 


Honisof 
exposure. 

Approximate 

Temperature. 

•  P.              •  C. 

Vo1s.OOb  per 

100  Vols,  do: 

Carbon  per  100  of 
Pe  present. 

24 

700          871 

...               JL47 

1-96 

24 

800           426 

. .  •          X.V 

2-40 

The  intensely  heated  gases,  which  ascend  from  the  hearth,  having 
to  perform  the  duty  of  reducing  the  ore  as  weU  as  to  heat  the 
materials,  the  point  which  has  to  be  kept  in  view  in  the  oonstrac- 
tion  of  the  blast  furnace  is,  that  its  capacity  should  suffice  for  tbe 
heated  gases  to  be  retained  among  the  solids  long  enough  to 
Gonununicate  to  the  latter  as  much  of  their  sensible  heat  as  is  possible, 
and  to  become  as  completely  saturated  with  oxygen,  as  the  nature  of 
the  chemical  action  wiU  permit.  These  two  objects  seem  to  be  attained 
in  the  Cleveland  district,  when  the  fdmace  has  a  height  of  80  feet, 
with  an  interior  capacity  of  about  12,000  cubic  feet.  These  dimensions 
enable  the  gases  to  be  cooled  down  to  such  a  point,  and  to  be  so 
saturated  with  carbonic  acid,  as  to  retain  little  or  no  further  power  of 
reducing  the  ironstone  of  the  country.  The  correctness  of  these  views 
has  been  made  apparent  by  the  &ct  that  furnaces,  mentioned  as 
having  been  constructed  upwards  of  108  fe^t  high,  and  others  nearly 
as  lofby,  with  a  capacity  of  40,000  cubic  feet,  have  failed  to  show  any 
marked  advantage,  so  far  as  economy  of  fuel  is  concerned,  over  that 
which  has  been  frequently  obtained  in  those  of  more  moderate 
dimensions. 

Let  us  now  consider  the  structural  error  in  a  frimace  to  be  in  the 
opposite  direction;  i,e.,  that  instead  of  being  unnecessarily  high  and 
capacious,  it  is  insufficient  in  both  respects. 


Fis.E 
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The  aocompanjing  sketches  are  intended  to  afford  a  general  idea 
of  the  temperatures  of  the  materials  filling  two  fumaoes^-one  80  feet 
high  with  boshes  of  20  feet,  and  the  other  47  feet  in  height  with  boshes 
of  16  feet.    The  capacities  are  15,400  and  6,000  cubic  feet  respectively. 

By  drilling  holes  in  the  sides  of  the  two  structures  the  temperature 
of  each  was  roughly  ascertained,  and  the  figures  denoting  these  are 
inscribed  along-side  of  each  of  the  drawings.  The  indications  of 
temperature  given  in  the  sketches  must  only  be  considered  as  com- 
parative; for  it  is  very  possible  that  the  contents  of  the  furnaces  at  a 
distance  from  the  walls  may  be  hotter  than  is  indicated  by  the  figures. 
Indeed,  looking  at  the  rate  at  which  reduction  is  carried  on  in  the 
first  16^  feet  of  the  height  of  the  larger  furnace,  of  which  space  not 
above  one-half  on  an  average  is  actually  occupied  by  the  materials,  it 
seems  very  probable  that  the  interior  of  the  mass  is  somewhat  more 
highly  heated  than  I  have  supposed. 

The  advantages  possessed  by  the  lai^r  furnace  are  firstly,  that  the 
gases  pass  away  cooled,  as  &r  as  it  is  practicable  to  effect  this;  and 
secondly  that  the  deoxidation  of  the  oxide  of  iron  is  performed  in  a 
portion  of  the  furnace  where  the  temperature  is  so  low,  as  to  avoid 
as  much  as  possible  the  carbon  acting  on  the  carbonic  add  gene- 
rated by  the  act  of  reduction.  The  comparative  magnitude  of  this 
zone  of  moderate  temperature  in  each  fiimace  can  easily  be  appreciated 
by  an  inspection  of  the  two  sketches.  In  the  larger  one  the  contents 
do  not  exhibit  a  dull  red  heat  until  a  depth  of  16  or  17  feet  is  reached, 
whereas  in  the  other  this  temperature  manifests  itself  at  a  depth  of 
about  9  or  10  feet.  In  each  case  the  distance  is  reckoned  from  the 
charging  plates. 

It  might  be  supposed  at  first  sight  that  the  conditions  of  the  two 
fomaces  could  be  brought  into  harmony  by  diminishing  the  rate  of 
driving  in  the  lesser.  The  increased  period  of  time  however,  during 
which  the  ore  would  then  be  exposed  to  the  action  Of  the  heated  gases, 
only  brings  the  hotter  zone  nearer  the  top  of  the  ftimace,  and  an  actual 
trial  of  slower  driving,  extended  over  some  time,  induced  me  to  think 
that  there  was  no  gain  to  be  expected  from  a  change  of  that  kind« 

A  comparison  between  two  furnaces,  of  11,500  and  6,000  feet  re- 
spectively, taken  from  actual  experience,  is  perhaps  the  simplest  mode 
of  pointing  out  the  points  of  dissimilarity. 


80 

48 

m 

16 

11,500 

^,000 

nniU  22*82 

28-92 

„      48-80 

48-80 

„      13-66 

16-00 

„    103-74 

128-12 

„    138-66 

170-50 

485**  C. 

485°  C. 

882^  C. 

462°  C. 
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Height  of  famace,  feet 
Diameter  of  boshes,  do. 
Capacity,  cubic  feet 
Coke  per  20  anits  of  iron     ... 
Ironstone  do. 

Limestone        do. 
Weight  of  blast         ...         .,. 
Do.        escaping  gases     ... 

Temperature  of  blast 

Do.  escaping  gases 

From  this  statement  it  will  be  perceived  that  in  the  smaller  fiimaoe 
there  is  a  greater  weight  of  blast  consnmed  for  a  given  quantity 
of  metal,  and  a  larger  volume  of  gases  emitted,  owing  to  the  larger 
weight  of  coke  burnt  as  compared  with  the  larger  furnace.  The  use 
of  more  coke  demands  more  limestone,  to  flux  the  ash  it  contains; 
which  necessitates  further  increase  of  coke,  from  the  heat  required  to 
decompose  the  carbonate  of  lime,  as  well  as  to  provide  carbon  to  split 
up  the  farther  quantity  of  carbonic  acid  liberated.  Besides  this, 
additional  fuel  is  rendered  necessary,  in  order  to  melt  the  larger 
quantity  of  slag  thus  formed.  * 

The  following  statement  exhibits  the  mode  by  which  the  perform- 
ance of  the  larger  blast  ftimace  was  ascertained: — 

Seven  specimens  of  gases  were  collected  during  3  hours  and  20 
minutes,  so  as  to  avoid  the  fluctuations  in  composition  already  spoken 
of;  and  the  analyses,  to  ensure  accuracy,  were  all  made  in  duplicate. 

Bj  Volume  CO,.  CO.  H.  N. 

Minimam  proportion  of  CO,  10*  28*1  "9  61* 

Maximum  do.  12*9  28*8  "7  57-6 

Actual  average  of  the  7  trials  11*7  26*7  '7  60*9 

From  these  figures  the  average  composition  by  weight  was  cal- 
culated, as  under: — 

Kifcrogm.        HfdzQiBB. 


"^^wS^tP^                      Car»«^ 

Oxygen. 

CO. 

17*30  containing    4*72 

12-58 

CO 

26-20        do.         10-80 

14-40 

H 

*10                       — 

— 

N 

57-40                       — 

— 

100       containing  15-52 

26-98 

—  *10 

57-40  — 

57*40  10 
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The  hydrogen,  being  insignificant  in  weight,  is  neglected  in  the 
sabeeqnent  calculations  bearing  on  the  subject.  The  heat  developed 
by  the  oxidation  of  the  carbon  is  found  as  follows: — 


TTnitfl. 
Coke  used  per  20  units  of  iron        ...    22*82 

Ijcss  ash,  etc.,  1*92,  gives  actaal  carbon    20*40 

Carbon  in  limestone,  carrying  off  an 

eqnal  weight  of  C  from  coke*       . .        1*64 

18*76 


Carbon  in  coke  and 
limestone 22*04 


Heat  Units. 
Giving  from  carbon  burnt  to  CO  18*76  x  2,400  -  45,024 

Carbon  of  this  CO  burnt  to  CO,  6*62  x  6,600  -  36,612 

Total  development  by  combustion  of  carbon      81,686 


The  weight  of  carbon  contained  in  the  gases  per  20  units  of  iron  is  equal  to  the 
total  carbon  made  use  of  22*04,  less  '60  dissolved  in  iron,  —  21*44  units  in  gases. 

Referring  this  weight  (21'44)  to  the  above  analysis,  we  obtain: — 

Carbon.  Oxygen. 

Total  nitrogen  per  20  units  of  iron 

(15*52  C  :  57*40  N      : :  21*44  C)  79*80 

CO,  (57-40  N  :  17-30  CO,  : :  79*30  N)  23*8d               -     6*62             17*37 

CO  (67-40  N  :  25*20  CO    : :  79-30  N)  34*81                -  14*92             19-89 

Water  in  coke *58 

H  in  moisture  of  blast           -08 


Total  weight  of  gases 138*66  containing  21*44  87*26 


The  weight  of  blast  is  I  79*30  N  +  associated  atmospheric  oxygen  2370  + 
moisture  '74  -  108-74. 

Calories  or 
Heat  Unite. 
The  heat  units  in  the  heated  blast  are : — 

103*74— weight  of  air  x  temperature  485°  C.  x  specific  heat  of  air  *287  -  11,919 

The  heat  in  the  escaping  gases  is: — 
188'66 — weight'of  gases  x  temperature  332°  C.  x  average  specific  heat '24  -  11,043 

From  this  an  allowance  was  made  for  heat  of  ironstone  fresh  from 
the  kilns,  and  latent  heat  of  steam,  reducing  the  figure  to  8,8G0 
calories  in  the  escaping  gases. 

'  This  arises,  as  formerly  explained,  by  the  carbonic  acid  of  the  limestone,  not 
being  liberat^  until  it  reaches  a  zone  of  tlie  furnace,  where  it  dissolves  and  carries 
off  carbon  as  carbonic  oxide,  CO,  +  C  »  2C0. 
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The  factors  of  the  work  obtained  at  the  lesser  Aimaoe  were  calculated 
in  the  same  way;  it  will  therefore  be  sufficient  to  call  attention  to  the 
higher  temperature  of  the  escaping  gases — 452°  C.  against  882°  C— 
and  to  the  fact  that  they  contained  much  less  carbonic  acid  than  those 
of  the  larger  Aimace.    Their  composition  was,  by  weight. 


CO.. 


CO. 


H. 


N. 


11-8  80-6  -1  57-6  -  100 

The  heat  developed  by  the  combustion  of  carbon  was  calculated  at 
89,288  calories  on  20  units  of  iron.  The  heat  contained  in  the  gases 
was  16,409  calories.  From  these  figures  it  will  be  at  once  apparent 
how  much  less  perfectly  the  heating  power  of  the  fuel  is  utilised  in 
the  smaller  furnace. 


SOFt.  48Ft. 

Fumaoe.   Oalotlei.    Farnaoe.    Calocfei. 


Coke  need  per  20  units  of  iron 


One  unit  of  coke  develops 


22*32 


28-92 


81,536                  89,288 
3,663 3,087 


22*32 


28-92 


Sensible  heat  of  escaping  gases  per 
unit  of  coke  ... 8,860 


22-82 


-     897  - 


16,409 


28-92 


-     667 


Leaving  calories  utilized  in  the  furnace 
per  unit  of  coke  consumed 


8,266 


2,520 


When  proper  allowance  is  made  for  the  different  conditions  alluded 
to,  as  obtaining  in  the  two  fumaces,  the  ultimate  figures  will  be  found 
to  correspond  very  &irly.    Per  ton  of  pig  iron  we  have  : — 


Heat  evolved  by  oxidation  of  carbon 

Do.    contributed  by  heat  in  blast 

Less  carried  off  in  the  gases ,        

Net  heat  units  left  for  furnace  requirements 

Extra  heat  required  in  lesser  furnace  for  fusion  of  slag, 

decomposition  of  limestone,  etc,  the  subtraction  of 

which  brings  both  sets  of  figures  as  nearly  to  the 

same  value  as  can  be  expected  in  such  a  calculation 


Fumaoeof 

80  feet. 

Calories. 

FaraaoeoC 
48feeL 

81,636 

89,288 

11,919 

14s724 

93,466 

104,012 

8,860 

10,409 

84,696 


87,603 


8,868 


83,746 
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Connected  with  all  the  changes  which  take  place  in  the  composition 
of  those  constituents  of  the  ore  which  are  found  in  the  pig  iron,  de- 
oxidation  may  be  regarded  in  the  light  of  a  preliminary  process;  and  by 
estimating  the  quantity  of  oxygen  beyond  that  brought  in  by  the 
atmospheric  air,  an  opinion  can  be  formed  of  the  extent  of  the  change 
effected  at  any  particular  point  of  the  furnace  firom  which  the  specimen 
of  gas  may  be  taken. 

Such  calculations  as  those  now  under  consideration  can  at  best  only 
be  approximate,  from  the  unavoidable  differences  arising  from  time  to 
time  in  the  composition  of  the  materials  employed;  as  well  as  from 
trifling  variations  in  the  constitution  of  the  products,  and  in  the 
character  of  the  chemical  action  in  operation,  at  any  particular  period 
as  compared  with  another. 

The  following  calculations  apply  to  a  furnace  80  feet  high  contain- 
ing 17,500  cubic  feet,  and  consuming,  per  20  units  of  pig  iron,  12*8 
units  of  limestone  and  23*5  units  of  coke  containing  90  per  cent,  of 
carbon.  The  full  quantity  of  carbon  delivered  to  the  furnace  may  be 
assumed  to  have  been: — 


TTnltsper 
aOUnUaoflroD. 

That  in  28*6  of  coke  less  ash,  etc.,  2'35 

•  •  • 

...     -  2115 

Do.     12'80  of  limestone    

•  •  • 

1-63 

22-68 
Less  dissoWed  in  the  iron      *G0 


Leaving  in  the  gases 22*08 

The  total  oxygen  leaving  the  throat  of  the  furnace  in  the  gaseous 
form  per  20  units  of  Cleveland  iron  was  as  follows : — 

'  Unite. 

Oxygen  brought  in  by  the  blast,  including  '66  in  the  atmos- 
pheric moisture        ...         ...        ...        ...        ...        ...  23*91 

Separated  from  oxide  of  iron,  chiefly  at  moderate  tempera- 
tures, 7*97,  less  *07  considered  as  inseparable  and  passing 
into  the  slag ...         ...         ...        ...  7'90 

Separated  from  the  limestone  in  combination  with  carbon...  4*09 

Separated  from  phosphoric,  sulphuric,  and  silidc  acids,  the 
sources  of  the  P3)  and  Si  found  in  the  pig         "75  — 

Oxygen  separated  from  lime  to  form  sulphide  of  calcium 

found  in  the  slag     ...         ...         ...        ...         ...         ...        *28 

1*03 

Total  oxygen  in  escaping  gases  by  calculation     ...  36*93 
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The  figures  which  follow,  exhibit  the  quantities  of  oxygen  pe.  20 
units  of  iron,  found  in  the  gases  at  different  levels  of  the  fomaoe. 
They  were  obtained  by  ascertaining,  from  analysis  of  gas  specunens^ 
with  how  much  oxygen  the  same  quantity  of  nitrogen  was  asBOciated, 
which  latter  was  estimated  as  being  present  in  the  escaping  gases  per 
20  units  of  iron,  and  may  be  considered,  for  purposes  of  calcalation^ 
as  being  a  constant  quantity  throughout. 

Units  of  Inn. 
Untts. 

Example  No.  1. 
A. — The  actual  quantity  of  oxygen  estimated  in  the  escaping  gases 

by  analysis  was  found  36-87 

Thus  showing  a  very  trifling  difference  between  it  and  the 
previous  number,  viz.  SG-OS. 
B. — At  a  depth  of  16i  feet  from  top,  the  quantity  of  oxygen  was. . .        25-09 


c— 

Do. 

26 

do. 

D.— 

Do. 

39 

do. 

E.— 

Do. 

62i 

do. 

F.— 

Do. 

65 

do. 

G.~ 

Do. 

70J 

do. 

H.— 

Do. 

76J 

do. 

do. 
do. 
do. 
do. 
do. 
do. 


24-71 
24-69 
24-72 
24-14 
23-74 
26-97 


The  ascertainment  of  carbon  at  the  various  levels  in  the  fnmaoer 
was  also  calculated  by  a  reference  to  the  nitrogen  present  in  the 
gases. 

UnitB. 
A. — The  quantity  of  carbon  in  escaping  gases  per  20  units  of  iron  was    22*0S 


B.— 

Do. 

16|  feet  from  top 

do. 

17-29 

C— 

Do. 

26 

do. 

do. 

16-33 

D.— 

Do. 

39 

do. 

do. 

17-42 

E.— 

Da 

52^ 

do. 

do. 

18-09 

P.— 

Do. 

65 

do. 

do. 

17-98 

G.— 

Do. 

70i 

do. 

do. 

17-80 

H.— 

Do. 

76J 

do. 

do. 

19-35 

It  will  be  observed  that  in  both  sets  of  figures  just  given  there  is 
a  decrease  of  oxygen  and  carbon,  below  the  original  quantities  estimated 
as  present  in  the  escaping  gases,  down  to  a  certain  point,  somewhere 
between  F  and  G.  After  this  point  both  oxygen  and  carbon  commence 
to  increase,  and  they  rise  to  a  greater  quantity  than  at  any  of  the 
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higher  levels  of  the  fiimace  except  the  point  of  final  escape.  This  was 
fbnnd  invariably  to  be  the  case,  as  may  be  seen  from  the  following 
additional  examples  from  an  80  feet  fornace  :^ 

^"t"**'*'       <>"«»  ^"SSr*  "  ^""*  C^»J^"  ^^  20  UHITB  OF  DION. 


..    No.1             No.  3.            No.  4.            No.l            No.  3.  No.  1 

^"^-         LhSSne.)  iSSlSSl.)  tA-No.8.)  u^Zne.)  l!SS£l)  <A.Na3.> 

A  I  ^!^°^ }  36-87          83-40          83-40          22-08          20-96  20-96 

Feel 

B          16^     Not  given.     26*19          25*43  Not  given.     18-53  17-94 

f*            on             OQ*ot             QA.'HK            O/i.AO            10.0Q            -lo.-ie  irr.nc 


c 

26 

28-21 

24*55 

24*43 

19-28 

1815 

17-96 

D 

39 

29-65 

25-21 

26*01 

20-92 

18-36 

18*35 

£ 

52i 

23-81 

26-24 

Not  given. 

17-88 

18*92 

Not  given 

P 

65 

24-14 

25*13 

25*23 

17-75 

18-62 

18*52 

G         704  28-26  25-07  25*70  20*43  1879  19*55 

H        76J  27*33         2756         27*74  1955         20*27  2043 

The  data  upon  which  the  preceding  calculations  were  based 
were  obtained  about  ten  years  ago,  the  analyses  being  made  by 
Dr.  C.  A.  Wright  on  the  gases  in  a  furnace  containing  17,500  cubic 
feet. 

Further  experiments  were  undertaken  by  Mr.  Rocholl,  the  present 
chemist  at  the  Clarence  works,  in  January,  1880.  The  gases  were 
drawn  from  nine  levels  at  four  different  periods  during  one  and  the 
same  day,  and  the  averages  of  the  four  different  specimens  taken  at 
each  of  the  nine  points  were  carefully  analysed  by  that  gentleman. 

The  furnace  from  which  these  last  named  samples  were  taken  is 
80  feet  high,  with  a  content  of  25,500  cubic  feet.  A  space  at  the  top 
of  not  less  than  9  feet  2  inches  is  occupied  by  the  cup  and  cone,  and 
the  room  required  for  lowering  the  cone.  The  furnace  therefore,  when 
**Ml"  contains  a  column  of  material,  including  the  pig  iron  and  slag, 
70  feet  10  inches  in  height. 

The  furnace  was  making  No.  8  iron.  The  consumption  per  20 
units  of  iron  was  as  follows : — 

Coke.  Calcined  Ironstone.        Limeetone. 

Units        22*44        ...        47*45         ...         10*91 

N 
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EXAMPLB  5. 
Composition  hy  weight  ofgase^: — 

TO-f.^A-frntniVm    J   TcA'rw.     H  ^-      17  Ft.      84  Ft.     30  Ft.      38  Ft.      43  Ft,      48  Ft      -4 
DtetanoefromTop..^  ^»P6    ^^^     ^j^      j  j^      51^^     8I„^    lUng.     gina.     71 

Carbonic  acid    ...  1607  llTl  1(H)3  817     612  —  —  -72  3-01 

Carbonic  oxide ...  2784  2971  81-39  31-40   3279  3527  36*00  86-02  89*47 

Hydrogen          ...  -11  10  07  '14       -28  -10  -11  -OS  '14 

Nitrogen           ...  5648  5848  58*51  60*29    60*81  64*63  63*89  63*18  57*38 

100*      100-      100-      100-      100-      100-      100-      100-     100- 
Carbon 1609   1594   1618    15*69    1572   1512   1543    16*44  17-72 

Units  per  20  of  iron : — 

Oxygen 86*48    32*86    32-53    29*88   28*76    23*52    24*29    25-20   32*55 

Carbon 21*49   20*56    20-86    19*62    19*50    17*64    18*22    1843   23*29 

Nitrogen  ...    75*43    75*43    75*43    75*43    75*43    75*43    75-43    75-48   75*43 

The  factors  for  this  series  were  obtained  as  follows : — 

Carbon  per  20  units  of  iron,  coke  22*44  less  7  per  cent. 

Do.  do.  in  limestone  1*30 

22-17 


Less  dissolved  in  iron,  containing  3*4  per  cent -68 

Weight  of  carbon  in  gases         21-49 

Weight  of  carbonic  eund,  carbonic  oxide  and  nitrogen  per  20  «i»t^  of  iron: — 

Nitrogen  (16*09  :  56*48  ::  21*49  :  ) 

Carbonic  a«id    (56*48  ;  16*07::  75*43  :) 
Carbonic  oxide  (56*48  :  27*34  : :  75*43  :  ) 

Units  in  escaping  gases  per  20  units  of  iron,  in  CO,... 
Do.  do.  do.  in  CO  ... 

21-49  86*48 


Oxygen  due  f^m  various  sources  as  follows: — 

Brought  in  with  75*43  of  atmospheric  nitrogen         ...  22*82 

From  moisture  in  blast ...  *65 

From  oxide  of  iron,  phosphoric  acid,  silica,  etc.,  in  ore. . .  9-07 

In  carbonic  acid  of  limestone 3*49 


•  •  • 

75*43 

•  •  « 

21-46 

•  •  ■ 

36*51 

Ou-bon. 

Ozygttn. 

5*85 

16*61 

15*64 

20*87 

36*03 


Difference  for  experimental  error     *45 
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The  oxygen  contributed  by  the  calcined  ironstone,  9*07,  is  computed 
from  an  average  of  seyeral  recent  analyses,  as  follows: — 


Combined  with  18*64  units  of  iron  in  20  units  of  pig 

Do.  "Sd  of  phosphorus  as  phosphoric  acid    ... 

Do.  *34  of  silicon  as  silica      

Do.  "008  of  sulphur  as  sulphuric  acid 

Do.         calcium  which  forms  sulphide  of  calcium  in  slag 


7-98 
-43 
•39 
•01 
•26 

907 


It  will  be  observed  that  in  this  instance  {Example  No.  5)  the 
increase  of  oxygen  and  carbon  at  the  tuyeres  exceeds  that  in  any  of 
the  previous  experiments.  The  four  specimens  from  the  lowest  point 
which  served  for  the  analysis  were  taken  from  a  perforation  made 
through  the  tymp^  and  represented  therefore  the  composition  of  the 
gases  next  to  the  wall  of  the  furnace.  In  order  to  ascertain  whether 
the  blast,  rushing  as  it  does  towards  the  centre  of  the  hearth,  generated 
more  carbonic  acid  there  than  was  found  nearer  the  exterior  of  the 
minerals,  a  tube  was  thrust  into  the  mass,  and  samples  rapidly  collected 
before  the  tube  was  melted  by  the  extreme  heat. 

The  following  was  the  information  obtained  in  this  way,  in  five 
separate  trials  a,  h,  e,  <l,  and  e : — 

Example  6. — Iv  Hbabth. 


OompoHtion  of  Om  by  Wdglit 

■ 

Unitaol 

'  Onrgen  and  Cubon 
90  Unite  of  Iron. 

o. 

00. 

CO. 

H. 

N. 

0. 

C. 

N. 

a 

.    -95 

914 

32-44 

•06 

^•41  -  100 

83-09 

21-53 

75-43 

h     .. 

— 

16*68 

80-61 

1-25 

61-46  -  100 

43-41 

26-88 

76-43 

c 

— 

8-14 

34-79 

•06 

6702  -  100 

3413 

22-66 

76-43 

4    .. 

— 

— 

42-41 

•01 

67-68  «  100 

31-76 

23-80 

76-43 

€ 

86-71 

•14 
Averagte 

63-16  -  100 

■  •  •                 •  •  * 

26-06 

18-79 

76-43 

83-48 

22-63 

Ouven. 

Curfooo. 

Nitrogen. 

The  eompated  weights  of  oxygen  and  carbon  in  the 
escaping  gases  from  the  furnace  being  as  formerly 


36-48        21-49        7643 


The  constmction  of  the  fomaoe  whose  gases  were  examined  in 
Examples  5  and  6  did  not  permit  the  samples  being  taken  off  precisely 
at  the  same  points  as  those  formerly  supplying  the  specimens.  Both 
furnaces  were  80  feet  in  height,  bat  of  different  diameters.    The 
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specimens  E  (v.  p.  209)  taken  at  a  place  about  52  feet  from  the  top 
in  the  first  four  examples,  Nos.  1  to  4,  and  in  the  fifth  (t;.  p.  210) 
the  sample  obtained  irom  an  aperture  49|  feet  below  the  same  point 
may  fairly  be  considered  as  representing  corresponding  zones  of  the 
two  furnaces.  The  lower  one,  from  which  the  gas  was  collected,  was 
22  to  24  feet  below  the  higher  one. 

The  comparison  of  the  quantities  of  oxygen  and  carbon  per  20 
units  of  metal  at  this  point,  with  those  present  22  to  24  feet  lower 
down,  in  the  neighbourhood  of  the  tuyeres,  is  as  under: — 

OXYflKV.  GaR]K>K. 

*-  «  ■      -. 


Higher       Lower    IncreMe       Bi«^er       Lower    Inoreue 
Point.        PolnL    at  Lower.      Pouit.        P<^L   at  Lower. 

Examples  1  to  4  Avenge        24*92      27'40      2*48        18*29      19*95      1*66 
Example  No.  &  ...        25*20      32*55      7-35        18*43      23*29      4*86 

Example  No.  6  average  —        33*48       —  — -        22*53      — 

Any  one  who  gives  himself  the  trouble  to  examine  carefdlly  the 
analyses  of  the  gases  in  the  six  examples  selected  for  illustration,  will 
perceive  considerable  irregularities  in  the  results  they  disclose.  Thi» 
is  no  more  than  might  be  expected,  looking  at  the  everchanging 
action  going  on  in  particular  localities  of  the  interior  of  a  blast  funiaoe. 
It  is  however  perfectly  clear,  looking  at  the  whole  of  these  experiments 
as  well  as  those  of  former  authorities,  that  oxygen  does  appear  at  the 
hearth  in  excess  of  that  computed  to  be  due  by  the  atmospheric  air; 
and  that  both  this  gas  and  carbon  are  at  a  minimum  at  a  point  about 
40  feet  below  the  top  of  the  furnace  experimented  on,  above  which 
they  gradually  increase. 

It  is  worthy  of  remark  that  Ebelmen  gives  three  analyses,  and 
Tunner  and  Eichter  one,  which  confirm  the  observations  just  given. 
The  first  named  authority,  and  after  him  my  fiiend  Dr.  Percy,  made 
this  increase  in  the  oxygen  at  the  tuyeres  above  that  corresponding 
with  the  nitrogen  of  the  blast  the  object  of  close  investigation,  without 
however  arriving  at  any  definite  conclusion  in  reference  to  the  cause. 

Ebelmen  had  noticed  that  the  oxygen  at  the  tuyeres  was  in  excess 
of  that  coiTesponding  with  the  nitrogen  of  the  blast.  To  some  extent 
this  is  accounted  for  by: — 

1st. — The  moisture  in  the  atmospheric  air. 

2nd. — The  decomposition  of  silica,  phosphate  of  lime,  etc.,  which 
probably  takes  place  in  the  hottest  part  of  the  fiimace. 
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After  allowing  however  for  both  these  sources  of  oxygen,  I  have 
found  a  farther  excess,  which  cannot  be  accounted  for  by  any  of  the 
^bove  mentioned  causes. 

It  had  also  been  observed  by  Ebelmen  that  this  excessive  amount 
of  oxygen  was  not  to  be  found  in  the  gases  taken  at  a  short  distance 
above  the  tuyeres;  but  when  I  came  to  examine  the  general  composition 
-of  the  gases  taken  from  an  80  feet  furnace  I  noticed  that  there  was, 
at  certain  points,  also  a  very  material  difference  in  the  quantity  of 
carbon,  in  relation  to  the  nitrogen,  from  that  which  calculation  would 
lead  us  to  expect  should  be  present.  Of  this  circumstance  I  have  not 
found  any  mention  in  the  writings  of  previous  observers. 

The  total  quantity  of  oxygen  which  can  be  accounted  for  as  an 
Increase  at  the  hottest  part  of  the  fnmace,  is  that  separated  li'om  the 
sulphur,  phosphonis,  silicon  and  calcium,  together  with  that  in  the 
-minute  quantity  of  oxide  or  iron  in  the  slag,  ascertained  to  arrive  very 
near  the  tuyeres  in  an  unreduced  form. 

In  one  instance  the  oxygen  from  the  sources  just  quoted  was 
•estimated  as  follows,  per  20  units  of  iron: — 

From  P.O^ -43,  SiO, -39,  SO,  01,  CaO -26  «  109 

If  there  is  1*20  per  cent,  of  iron  in  the  skg  as  it  arrives  in  the 
hearth,  this  has  to  he  reduced,  and  wiU  supply  *34  of  oxygen, 
giving  per  20  of  pig  say '51 

Total  oxygen  separated  at  or  near  the  hearth  . . .  1*60 

This  calculation  of  course  only  assigns  a  reason  why  the  oxygen  in 
the  gases  should  show  an  increase  helotv  the  point  where  none  of  the 
XAuses  just  enumerated  are  supposed  to  have  come  into  active  opera- 
tion; and  does  not  in  any  way  account  for  any  apparent  excess,  which 
uniformly  seems  to  be  present  at  this  point  of  the  furnace,  and  which 
can  scarcely  be  accounted  for  by  accidental  admissions  of  water. 
Neither  does  it  in  any  way  explain  the  excess  in  reference  to  the 
carbon  which  invariably  manifests  itself  in  the  gases  below  a  certain 
level. 

A  reference  to  one  of  the  examples  formerly  quoted  will  show  the 
amount  of  carbon  and,  oxygen  in  the  gases  taken  at  the  tuyeres,  for 
every  20  units  of  iron  produced.  This,  it  will  be  observed,  is  consider- 
ably larger  than  that  obtained  from  the  gases,  produced  for  a  similar 
quantity  of  metal,  taken  at  a  point  6  feet  higher  in  the  furnace. 
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« 

Example  No.  1  (formerly  given)  contained  of  carbon  and  oxygen 
at  different  levels  of  an  80  feet  furnace  per  20  units  of  iron: — 

A,  at  Exit.        R 
Depth— Feet  16} 

Carbon      2208      17-29 
Oxygen     3687      2509 

Now  in  this  particular  case  the  carbonic  acid  which  onght  to  be 
found  in  the  gases  would  be  (exclusive  of  any  due  to  carbon  deposition) 
as  follows  :— 

TTnita.  Uniti. 

Formed  by  deoxidation  of  the  peroxide  of  iron       ...        21*92 

Separated  from  the  limestone  6*62 

27-54 

Whereas  there  was  only         20*38 


Showing  that  there  was  of  carbonic  acid  decomposed  7*16 

This  quantity  (7*16)  of  carbonic  acid  contains  1*95  of  carbon^ 
which  would,  by  its  reduction  to  carbonic  oxide,  carry  off  a  similar 
weight  of  carbon.  The  weight,  per  20  units  of  iron,  which  we  should 
expect  to  find  at  the  tuyeres,  would  be  therefore : — 

2208  -  (2  X  1-95)  390  ...      =  18*18 

Whereas  there  was  in  reality    ...  19-35 — Excess  1-17  units. 

The  oxygen  which  ought  to  be  at  the  tuyeres,  in  the  absence  of  any 
disturbing  cause,  is  that  supplied  by  the  blast  and  reduction  of  silica, 
etc.,  together  25'51  units;  but  there  were  really  26*97  or  an  excess  of 
1*46  units. 

Now,  without  pretending  to  describe  the  exact  manner  in  which 
the  subsequent  absorption  of  this  1'17  of  carbon  and  1*46  of  oxygen 
takes  place,  we  may  suppose  that  a  portion  of  the  former  is  due  to  a 
deoxidation  of  a  small  quantity  of  alkali;  the  following  equation 
would  then  account  for  the  disappearance  of  the  two  elements: — 

117C  +  1-460  +  xNaOKO  +  yNaK»  = 

55'C  +  1*460  +  xNaKO  (forming  carbonates  of  potash  and  soda). 
*62C  +    -72^  +  yNaK  (forming  cyanides  of  potassium  and  sodium). 

In  the  absence  of  anything  interfering  with  the  oxygen,  the  moment 
this  element  falls  in  quantity  to  that  represented  by  the  blast  and 
metalloids,  etc.,  viz.  24*81  units,  we  may  aBsume  that  the  oxygen 

^  The  weights  of  NaOKO  and  NaK,  are  not  given  because  they  vary  with  tlie 
relative  quantities  of  potassium  and  sodium  and  their  oxides. 
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supplied  by  the  ironstone  and  the  carbonic  acid  of  the  limestone  has 
been  all  expelled.  At  G,  26  feet  from  the  top,  the  oxygen  is  24*71; 
showing  that  a  trifle  lees  of  oxygen  (*10)  is  in  the  gases  here  than  the 
equivalent  jnst  named,  i,e.  24*81. 

At  B  however  it  will  be  remarked  that,  while  the  oxygen  is  *28  in 
excess  (25*09  —  24*81),  the  carbon  is  actually  deficient  by  *89  units 
(18*18  —  17*29).  Taking  18*18  and  2481  as  the  standard  quantities 
of  carbon  and  oxygen  respectively,  the  following  shows  the  position  of 
both  at  the  various  points  per  20  units  of  iron : — 

EZAMPLB  1. 

B.  0.  D.  E.  P.  O.  H. 

Depth  from  Tdp.  feet        „       m  96  38  SSk  66  70i  761 

Carbon  deficient       ...       -89  1-85  76  -09  '20  '38  — 

Do.    excess —  —  —  —  —  —  1*17 

Oxygen  deficient       ...      —  10  -12  "09  -67  1-07  — 

Do.      excess           ...      '28  —  —  —  —  —  2*16 

Units  of  carbonic  acid  per 

20  nnits  of  pig  iron      618  7*97  4  28  167  *69  *00  8-22 

In  BO  large  a  mass  of  material  as  that  which  fills  a  blast  furnace, 
with  ever  varying  currents  of  the  reducing  gases  passing  through  its 
various  portions,  it  is  impossible  to  do  more  than  estimate  generally, 
from  a  great  number  of  analyses,  the  character  of  the  action  which  is 
going  on  at  any  moment  of  time.  As  an  illustration  of  the  changes  of 
composition  in  the  gases,  a  similar  Table  to  that  last  given  has  been 
constructed  from  the  figures  of  Example  2  already  quoted  and  also 
taken  on  20  units  of  pig  iron. 

Example  2. 

BCD  B  I*  O  H 

Depth  from  Top,  feet         ..       left  96  39  5^  66  701  761 

Carbon  deficient         ...  —  —  —  '30  '43  --  — 

Do.    excess —  I'lO  2*74  —  —  2*25  1*37 

Oxygen  deficient        ...  —  —  —  1*00  '67  —  — 

Do.    excess —  3-40  484  —  —  8*45  2'62 

Units  of  carbonic  acid 

per  20  units  of  pig  iron  —  6*89  4*88  -00  I'Sl  2*91  3*46 

Thus  it  will  be  seen  that,  while  the  whole  of  the  carbon  brought 
in  by  the  limestone,  together  with  the  oxygen  combined  with  it  and 
that  combined  with  the  iron  in  the  iron  ore,  has  disappeared  soon  after 
passing  B  in  Example  I.,  both  are  present  in  considerable  quantity  in 
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Example  II.,  until  after  we  pass  D.  The  differences  in  detail  do  not 
however  affect  the  principle  viz.,  that  after  the  oxygen  combined  with 
the  iron,  and  the  carbon  and  oxygen  forming  the  carbonic  add  in  the 
limestone,  or  their  equivalents  in  point  of  quantity,  disappear  fiom  the 
gases,  the  amount  of  these  two  elements  £ei.1Ib  below  that  which  oaght 
to  be  found  there,  even  after  making  allowance  for  the  carbonic  acid  of 
the  limestone  carrying  off  a  weight  of  carbon  equal  to  its  own.  After 
this  diminution  in  point  of  amount,  we  have  the  excess  of  carbon  and 
oxygen  reappearing  at  the  tuyeres,  to  the  extent  given  below  in  the  two 
cases  under  consideration,  per  20  units  of  iron  as  before : — 

Cwbon.  OxTgen. 

Example  1        1*17  ...  2*16 

«)         2         ...         ...         ...     1*37  •  • .  2*52 

In  these  numbers  it  will  be  seen  that  the  proportion  of  carbon  to 
oxygen  is  almost  precisely  the  same;  for 

117      :      216     ::      1*37      :      2-629 

These  figures  indicate  a  ratio  of  carbon  to  oxygen  of  1  to  1,846 
and  1,839  respectfully,  which  is  something  under  ]|  equivalents  of 
oxygen  for  each  equivalent  of  carbon, 

Many  years  ago  Bunsen  and  Play&ir  mentioned  the  fact  that  they 
had  detected  2*6  grammes  of  cyanide  of  potassium  per  cubic  metre  of 
the  gases  of  a  blast  furnace;  and  at  the  same  time  stated  their  beUef 
that  four  times  as  much  as  this  quantity  was  condensed  in  the  pipes  of 
their  apparatus. 

The  presence  of  this  compound  of  carbon,  nitrogen  and  potassium 
which  subsequently  has  been  proved  to  be  a  never  failing  accompani- 
ment— in  the  form  of  vapour— of  the  gaseous  current  up  to,  or  within  a 
short  distance  of  the  charging  plates,  is  not  indicated  in  the  customary 
analyses  of  blast  fiimace  gases,  which  comprise  only  the  constituents 
of  a  true  gaseous  nature.  We  might  therefore  infer  that  a  quantity  of 
nitrogen,  equivalent  to  the  oxygen  which  was  in  excess,  had  dis- 
appeared from  among  the  gases,  carrying  with  it  its  equivalent  of  carbon 
(14  N.  to  12  C.)  to  form  the  cyanogen  compounds.  Again,  this  very 
action  would  of  itself  account  for  a  portion  of  the  excess  of  oxygen, 
because  it  is  not  free  cyanogen  that  we  have  to  deal  with,  but  this 
substance  combined  with  potassium  and  sodium.     Every  14  parts 
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therefore  of  nitrogen,  so  disappearing,  wonld  liberate  8  of  oxygen  from 
potash  or  soda^  these  alkalies,  as  is  well  known,  being  present  in  the 
mineralfi  used  in  the  fdmace.  The  oxygen,  so  set  free,  also  aoconnted, 
in  its  tnm,  for  a  part  of  the  excess  of  this  element;  thus  bringing  about 
the  disturbances  in  the  relative  quantities  of  carbon  and  nitrogen. 

The  quantity  of  cyanides  however,  mentioned  by  Bunsen  and 
Playfair,  seemed  to  me  insu£Scient  to  account  for  the  discrepancies 
just  referred  to;  and  I  had  numerous  experiments  made  to  ascertain 
the  amount  of  these  alkaline  salts  in  the  very  furnaces  upon  the  action 
of  which  my  calculations  are  founded.  No  doubt  there  was  some 
irregularity  in  the  quantities  so  determined  on  different  occasions, 
but  I  consider  that  the  results  of  the  investigations  justify  the  con- 
duBion  that  the  cyanogen  oompoands,  at  all  events  in  the  ftimaces 
which  were  examined,  greatly  exceeded  in  amount  that  mentioned  by 
those  distinguished  chemists. 

The  following  Table  gives  the  weight  of  these  salts  in  grammes 
per  cubic  metre  of  gas,  taken  at  a  point  about  8  feet  above  the  tuyeres, 
-and  68^  feet  from  the  top  of  the  Wear  ftimace,  of  17,500  cubic  feet: — 

1870.  July  14elL  15th.         ISth.         22iuL        96th.         S8th.     Avenge. 

Potassiam  and  sodium 

in  combination  with 

carb.  acid,  oxygen, 

or  cyanogen         ...    46*69      80*17      88*15      21*09      81 65      11*88      2911 
Cyanogen     19*00      12*98      17*82      11*84      20^1        9*16      15*06 

In  the  escaping  gases  the  quantity  of  these  substances  on  some  of 
the  days  was  as  follows  per  cubic  metre  of  gas: — 

July,  1370.  Ifith.  19th.  22Dd.  30th.  38th.     Averace. 

■ 

Potassinm  and  sodium  com- 
bined as  before  (grammes)    11*20        15*80        8*68        5*89        4*29        9*07 
Cyanogen      ...  „  4*00         6*60        8*67        2*91        1*79        3*77 

The  data  upon  which  the  quantities  just  enumerated  were  calculated 
were  obtayied  from  two  hundred  litres  of  gas  withdrawn  in  45 
minutes,  and  from  this  the  whole  of  the  solids  was  condensed. 

Subsequent  experiments  on  one  of  the  Clarence  frimaces  of  25,500 
cubic  feet  gave  a  considerably  less  quantity  of  alkaline  salts,  the  weight 
per  cubic  metre  not  having  exceeded  13*61  grammes.  Potash  and  soda 
were  detected  in  the  escaping  gases,  but  the  cyanogen  appeared  to  have 
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been  decomposed  before  reaching  this  point.  In  the  later  trials  the 
period  of  collection  was  extended  over  5  hours,  but  the  quantity  of  gas- 
collected  was  only  60  litres. 

The  gradual  decrease  in  the  average  quantity  of  cyanides  in  the 
gases,  during  their  ascent  in  the  ftimace,  is  apparent  from  the  following 
series  of  observations: — 

Alkaline  Salts  coUeeted  from  the  gatea  (60  litres)  of  one  of  the  Clarence 

furnaces : — 


Height  above  Tayer«s                        ..  8  Feet  Sli  Feet.  00|  Foefc.  GOFeoL  ^qS^ 

Cyanogen  (grammes) 1506        15-76          7*67  6-94  8-77 

Potassium  and  sodium  (grammes)  2911        81*99  25*87  24*14  907 

Number  of  Experiments          ...  Six.           One.  One.  One.  ^Te. 

The  alkaline  metals  are  in  quantity  considerably  above  that  re- 
quired to  combine  with  the  cyanogen,  the  excess  being  combined 
with  carbonic  acid. 

It  has  to  be  remarked  however  that  there  are  many  practical 
difficulties  which  interfere  with  accuracy  in  determining  the  true 
quantity  of  alkaline  matter  contained  in  the  furnace  gaaes,  particularly 
in  the  hotter  regions,  where  it  is  trickling  down  in  a  fused  or  semi- 
fused  condition.  The  choking  of  tubes  employed  for  conveying  the 
gas,  and  the  occasional  projecting  of  a  fragment  of  unusual  dimensions^ 
composed  of  matter,  largely  impregnated  with  alkalies,  are  cases  of  such 
difficulties.  Having  regard  however  to  the  number  of  experiments 
given  above,  fourteen  in  number,  it  is  obvious  that  there  must  have 
been  present  a  considerable  quantity  of  cyanides  and  carbonates  of 
potassium  and  sodium. 

A  constant  return,  &om  the  upper  to  the  lower  zone  of  the  fhmace,. 
of  the  alkaline  carbonates  and  cyanides  present  might  no  doubt  account 
for  such  discrepancies  in  the  quantities  of  carbon  and  oxygen  as  have 
been  already  described,  but  the  same  results  might  be  due  to  carbonic 
acid  brought  down  to  the  tuyeres  in  combination  with  the  lime  in  the 
flux.  Carbonate  of  lime  is  well  known  to  retain  its  carbonic  acid  even 
when  exposed  to  very  high  temperatures,  if  free  access  of  steam  or  other 
gases  is  excluded.  The  presence  of  alkaline  and  other  fusible  matter 
might  heimetically  seal  fragments  of  limestone,  and  prevent  the  dis* 
placement  of  their  carbonic  acid  until  they  reached  the  tuyere  partly 
or  wholly  undecomposed.    Pieces  of  this  mineral  were  drawn  out^ 
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and  were  found,  as  was  anticipated,  to  be  coated  with  a  fused  crust. 
GeneraUy  speaking,  the  fragments  then  examined  were  entirely  free 
from  a  trace  of  carbonic  acid.  Upon  rare  occasions  however,  when  a 
large  piece  came  down  to  the  hearth,  the  centre  seemed  to  have  been 
bnt  slightly  affected  by  the  heat  during  its  passage  through  a  furnace 
haying  a  capacity  of  25,500  cubic  feet.  Eecently  such  a  piece  of  lime- 
stone contained  a  kernel  2  in.  diameter,  which  had  only  lost  about  10 
per  cent,  of  its  carbonic  acid,  the  remainder  of  the  block  containing 
only  a  trace.  Undecomposed  limestone  however  does  not  appear  to 
afford  any  sufficient  explanation  for  any  irregularity  in  the  ratio  of 
carbon  and  oxygen  to  the  nitrogen. 

It  is  quite  clear  from  what  has  preceded  that  it  is  impossible  to 
separate  the  respective  causes  of  the  two  changes  in  the  gaseous  con- 
tents of  the  blast  furnace. 

To  avoid  as  far  as  is  possible  all  needless  complication,  the  results 
obtained  by  the  group  of  analyses  designated  as  Example  No.  1  will 
be  taken  as  a  means  of  illustrating  the  present  subject,  which  is  to 
attempt  to  show  that  in  all  probability  the  dissociation  of  carbonic 
oxide  also  contributes  to  the  irregularities  in  the  composition  of  the 
gases,  from  the  top  downwards. 

Commencing  at  the  top,  we  know  that  as  soon  as  the  oxide  of 
iron  in  Cleveland  calcined  stone  is  warmed  up  to  about  400°  F. 
(204°  C.)  carbonic  acid  is  generated;  and  that  when  the  ore  passes  the 
point  where,  having  regard  to  temperature,  the  quantity  of  the  gas 
permits  the  deposition  of  carbon,  we  shall  have  carbonic  acid  pix)- 
ceeding  from  two  sources,  viz.,  largely  fi'om  reduction  of  the  peroxide 
of  iron,  and,  to  a  certain  extent,  from  dissociation  of  carbonic 
oxide.  The  actual  quantity  due  to  the  latter  cause  will  at  first  no 
doubt  be  very  small,  for  at  a  temperature  of  770°  F.  (410°  C.)  it  was 
mentioned  that  when  the  gases  contained  88  volumes  of  carbonic  acid 
to  100  of  carbonic  oxide  no  carbon  was  deposited.  As  the  heat 
approaches  a  dull  red,  which  it  does  at  12  to  15  feet  from  the  top, 
this  action  ought  to  become  marked,  because  at  that  point  100 
volumes  of  CO  are  only  accompanied  by  13  of  COg. 

At  some  point  not  far  below  B  the  temperature  has  become  suffi- 
cient to  expel  the  chief  part  of  the  oxygen  from  the  ore,  as  well  as  the  car- 
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bonic  acid  from  the  limestone;  because  at  this  level  the  oxygen  in  the 
gases  is  only  equal  to  that  injected  or  separated  at  the  tuyeres  (24-81 
units)  afi  already  described.  At  the  same  time,  while  this  is  going  on.  no 
doubt  carbon  deposition  must  be  in  active  operation,  and  by  it  car- 
bonic acid  is  formed.  If  it  happens  that  this  carbonic  acid,  along 
with  some  of  that  furnished  by  the  limestone,  escapes  decomposition, 
such  a  position  of  equilibrium  will  be  established  at  that  level  between 
CO  and  COg,  that  reduction  of  the  ore  by  carbon  direct  wiU  be  set  up. 

Leaving  the  cai'bon  and  oxygen,  which  are  considered  to  have 
been  withdrawn  from  the  gaaes  by  the  formation  of  alkaline  car- 
bonates and  cyanides,  to  pursue  their  way  upwards,  we  will  proceed 
to  consider  the  state  of  affairs  at  6*  feet  above  the  tuyeres  or  at  the 
point  G.  Here  that  which  was  regarded  as  the  normal  composition 
of  the  gases,  viz.,  18*18  carbon  and  24*81  of  oxygen,  has  been  inter- 
fered with  to  the  extent  of  '88  of  the  former  and  1  '07  of  the  latter. 

The  only  way  I  can  account  for  this  is  by  the  withdrawal  of 
carbon  owing  to  the  dissociation  of  carbonic  oxide,  while  at  the  same 
time  the  carbonic  acid  formed  (2  CO  =  C  +  CO,)  has  been  decom- 
posed by  the  iron  having  seized  one  of  its  equivalents  of  oxygen 
(xFe  +  COj  =  Fe^O  +  CO).  The  quantity  of  oxygen,  1*07,  may 
appear  large  compared  with  the  carbon,  -88;  but  at  this  very  point 
reduced  iron  was,  on  one  occasion,  exposed  to  the  gases,  and  for  1*50 
of  carbon  deposited,  as  much  as  9*53  of  oxygen  was  absorbed. 

Of  course  such  a  fixation  of  oxygen  as  that  suggested  meanfl 
that  in  a  zone  essentially  reducing  in  its  character,  oxidation  can  be 
eflFected.  Dr.  Percy  points  out  this  anomaly,  and  does  not  under- 
stand how  oxidation  and  reduction  can  occur  alternately  in  so  limited 
a  space.  My  own  experiments  however,  many  times  repeated,  prove 
that  oxidation  really  does  go  on  when  the  pure  reducing  agent  alone 
is  employed.  Thus,  for  example,  when  spongy  iron  was  subjected  to 
a  current  of  carbonic  oxide  at  a  low  red  heat,  for  each  100  of  carbon 
deposited  G*6  of  oxygen  had  united  with  the  iron;  while  at  a  tem- 
perature of  melting  zinc  the  oxygen  was  only  10  per  cent,  of  the  carbon 
deposited. 

At  a  bright  red  heat  the  quantity  of  carbon  separated  by  metallic 
iron  is  not  large,  for  then,  as  it  would  appear,  the  oxygen  absorbed 
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by  the  iron  reacts  on  the  carbon.  Q'hns  perfectly  reduced  spongy  iron 
was  exposed  at  the  above-mentioned  temperature  to  a  current  of  pure 
carbonic  oxide  for  one  hour,  and  afterwards  for  three  hours  more 
without  any  further  addition  to  the  carbon  or  oxygen  taking  place. 
The  results  were  as  follows: — 

Iron.  Oftrbon.       Ozygoa. 

For  one  hour         ...    9920  '82  '48     -     100 

Continuedforthreehonnmore...    99'34  '30  *36     *-     100 

In  these  instances  for  100  of  carbon  received  we  have  120  and  150 
of  oxygen  respectively.  To  secure  more  favourable  conditions  for 
carbon  deposition,  calcined  ironstone  was  placed  in  the  tubes  and 
exposed  during  two  hours  to  the  gases  of  a  furnace  48  feet  high. 
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Upon  another  occasion  a  specimen  of  spongy  iron  was  immersed 
in  th^  gases  of  an  80  feet  furnace,  taken  at  a  level  53  feet  from  the 
top.  The  temperature  was  bright  red,  and  the  composition  of  the 
gases  as  observed  before  and  after  the  experiment,  which  lasted  for 
4^  hours,  was  by  weight  as  follows: — 

Carbonic  acid  

Carbonic  oxide         

Hydrogen      ... 

Nitrogen        ...  ... 

100  ...     100 

The  iron  present  had  acquired  '99  per  cent,  of  carbon  and  "9  of  oxygen. 
The  largest  amount  of  carbon  thus  deposited  in  an  ore  of  iron 
took  place  when  the  latter  was  placed  during  24  hours  in  the  gases  as 
they  left  a  fiirnace  48  feet  in  height,  the  temperature  being  between 
800**  and  900°  F.  (427*^  and  482°  C.)  The  quantity  of  carbon 
which  had  been  precipitated  from  its  oxide,  amounted  to  33'04  per 
cent.,  reckoned  on  the  amount  of  iron  present. 
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It  is  obvious  from  the  facts  jnst  given  that  there  is  abundant 
opportunity  for  a  very  large  quantity  of  finely  divided  carbon  being 
thus  infiltrated,  as  it  were,  throughout  the  ironstone;  by  means  of 
which  deoxidation  can  be  most  readily  effected.  In  confirmation  of 
the  idea  that  the  quantity  is  a  large  one,  may  be  adduced  the  fact  that^ 
while  the  coke  and  lime  do  appear  at  the  tuyeres  in  good  sized  pieces, 
the  ironstone  being  torn  asunder  by  the  act  of  carbon  deposition,  is 
rarely  so  seen  in  pieces  of  any  size.  Moreover,  when  a  furnace  is 
blown  out,  large  accumulations  of  the  precipitated  carbon  are  found 
in  the  masonry  and  among  the  materials. 

Nor  does  the  value  of  this  substance  appear  to  be  confined  to  the 
reduction  of  the  ore.  It  would  appear  to  form  with  the  slag  a  species 
of  conglomerate,  which  probably  acts  as  a  protection  to  the  masonir 
in  the  region  where  the  temperature  is  highest.  It  would  be  di£Scult 
indeed  to  conceive  how.  the  fire  brick  of  the  walls  surrounding  the 
hearth  could  resist  the  corroding  action  of  the  slag  without  this  or 
some  analagous  mode  of  defence;  because  a  plain  fire  brick,  when 
placed  in  the  current  of  slag  as  it  runs  from  the  famaoe,  melts  away 
almost  like  sugar  in  water.  Experience  has  already  proved  that  the 
80  feet  furnaces  are  resisting  the  extraordinary  demand  constantly 
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exercised  on  their  powers  of  endurance,  with  greater  effect  than  did 
the  smaller  furnaces.  Now  in  the  former,  as  is  clear  from  what  has 
preceded,  the  opportunities  for  carbon  deposition  are  greater  than  in 
the  latter;  which  may  account  for  the  increased  durability  which  has 
accompanied  the  use  of  the  larger  dimensions. 

The  simultaneous  deposition  of  carbon  and  absorption  of  oxygen 
Appears  a  reasonable  mode  of  accounting  for  that  excess  of  both,  whidi 
manifests  itself  when  the  iron  falls  as  fiuid  metal  into  the  hearth,  and 
which  disappears,  at  all  events  to  some  extent,  in  the  manner  supposed, 
by  the  formation  of  alkaline  carbonates  and  cyanides. 

We  may  now  return  to  our  two  examples  (pp.  214,  215)  and  consider 
what  goes  on  at  the  other  levels.  An  action  similar  in  piinciple  to  that 
described  occurring  at  G  goes  on  as  we  pass  the  levels  designated  as 
T,  E,  D,  and  G;  but  here  probably  owing  to  the  heat  being  less  intense 
the  carbonic  acid  or  a  part  of  it  is  not  decomposed  by  the  iron,  and 
hence  the  absorption  of  oxygen  by  the  metal  is  much  less.    To  facilitate 
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comparison,  the  units  of  carbonic  acid  per  20  of  pig  are  given  in 
Example  5,  and  it  will  be  observed  that  as  the  cooler  portions  of  the 
fdmace  are  approached  the  quantity  of  carbonic  acid  increases. 

We  have  now  to  imagine  the  condition  of  things  in  what  is  generally 
regarded  as  the  true  zone  of  reduction  at  and  above  B. 

The  cyanides  will  melt  when  in  contact  with  partially  deoxidized 
ore — ^let  us  say  with  the  protoxide,  FeO.  The  action  in  that  case  will 
probably  be  2  (KCN)  +  3  FeO  =K,0  +  2  CO  +  8  Fe  +  2  N;  where 
it  will  be  observed  that  all  the  carbon  and  nitrogen  are  restored  to  the 
gases.  The  alkaline  metal  will  immediately  be  oxidized:  part  will 
escape,  and  part,  with  a  portion  of  the  alkaline  carbonates,  will  condense 
on  the  cooler  materials,  and  be  carried  back  to  form  a  fresh  supply  of 
cyanide.  The  carbonates  of  potash  and  soda,  during  their  passage 
through  incandescent  iron,  will  probably  be  entirely  decomposed 
(Na^COs  +  Fe  =  Na,0  +  FeO  +  CO)— a  form  of  action  which  also 
ultimately  restores  the  oxygen  and  carbon  absorbed  by  the  soda  to 
the  gases. 

It  would,  of  course,  be  difficult  to  say  what  is  really  the  precise 
nature  of  the  action,  which  leads  to  the  disappearance  of  the  cyanides 
as  they  ascend  through  the  materials. 

It  would  also  be  difScult  in  a  mere  laboratory  experiment  to 
imitate  the  conditions  as  they  exist  in  the  blast  furnace.  Failing  this, 
some  experiments  were  undertaken,  to  ascertain  the  reducing  power 
of  cyanogen  when  in  the  presence  of  carbonic  acid.  The  absence 
of  all  oxygen  in  the  former  gas  rendered  it  pretty  certain  that  its 
deoxidizing  power  would  be  superior  to  that  of  carbonic  oxide,  with 
which  it  was  the  object  of  the  trial  to  compare  it.  The  quantity  of 
carbon  in  a  given  volume  of  cyanogen  and  carbonic  oxide,  it  may  be 
obBerved,  is  the  same. 
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All  these  experiments  tend  to  show  that,  both  in  reducing  power 
and  in  the  facility  of  depositing  carbon,  cyanogen  is  greatly  superior 
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to  carbonic  oxide;  for  it  will  be  remembered  that  equal  Tolumes  of  the 
latter  gas  and  carbonic  acid,  at  a  bright  heat,  &r  from  affording  anj 
metallic  iron,  oxidized  the  metal,  and  at  no  temperature  was  any  carbon 
thrown  down  from  this  mixture  of  the  two  gases. 

Notwithstanding  the  difficulty  referred  to,  in  explaining  the  exact 
nature  of  the  reactions  which  take  place  between  the  alkaline  cyanides 
and  the  unreduced  ore,  so  much  was  ascertained  as  to  make  it  appear 
that,  as  they  passed  through  the  contents  of  the  frimaoe,  they  were 
gradually  converted  into  carbonates. 
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Finally,  as  the  gases  pass  out  of  the  furnace,  cyanogen  as  has  been 
already  observed,  is  often  entirely  absent,  the  alkalies  being  found 
entirely  in  the  form  of  carbonates. 

With  regard  to  the  gradual  increase  of  alkaline  matter,  I  had  the 
gases  of  a  furnace  examined  soon  after  it  was  "  blown  in."  As  might 
be  expected,  the  quantity  of  potassium  and  sodium  was  very  small,  no 
opportunity  having  been  afforded  for  its  accumulation. 
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Ultimately  it  may  be  that  this  cumulative  action  is  brought  to  an 
end  and  the  excess  finds  its  way  partly  into  the  escaping  gases  and 
partly  into  the  slag. 

In  the  expectation  that  an  examination  of  the  fiime  at  different 
heights  of  the  furnace  might  throw  some  light  on  the  nature  of  the 
reactions  going  on  at  different  levels,  a  careful  analysis  was  made  of 
this  substance,  beginning  with  the  small  quantity  of  vaporous  matter 
which  is  given  off  by  the  slag  as  it  flows  j6x)m  a  furnace  producing  grey 
iron,  and  terminating  with  that  contained  in  the  escaping  gases. 
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COMPOSITION  OF  FUME  AT  CLARENCE  FURNACES,  80  FEET  HIGH 
25,600  CUBIC  FEET,  SMELTING  CLEVELAND  IRONSTONE. 
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Commencing  with  the  vaporons  matter  emitted  by  the  slag  (A),  it 
has  been  shown  that  there  was  always  a  certain  quantity  of  sulphur, 
together  with  some  soda  and  potash,  in  the  cinder  produced  in  smelting 
Cleveland  stone.  It  looks  as  if  a  portion  of  the  sulphur  were  converted, 
when  it  comes  in  contact  with  the  air,  into  sulphuric  acid;  after  which 
it  combines  with  potash,  soda,  and  magnesia,  a  small  quantity  escaping 
as  free  acid. 

At  B,  2  feet,  and  at  C,  26|  feet  above  the  tuyeres^  the  whole  of 
the  sublimate  consists  of  alkaline  salts.  At  C  almost  the  whole  of 
these  consist  of  cyanides,  which  24^  feet  higher  up  are  partially 
converted  into  carbonates. 

The  carbon  and  oxygen,  which  go  to  form  the  cyanides  and  carbonates 
just  mentioned,  appear  to  be  withdrawn  from  the  gases  by  condensation 
between  B  and  C,  to  be  returned  to  the  gases  either  at  the  tuyeres  or 
where  the  sublimate  is  melted  and  carried  off  in  the  cinder.  It  is  the 
portion  returned  to  the  gases  which  is  supposed  to  account  in  part, 
for  the  increase  of  carbon  and  oxygen  in  the  gases  at  a  point  below  B. 

At  D,  18^  feet  above  C,  a  large  percentage  of  the  fume  (fully  75 
per  cent.)  consists  of  alkaline  salts,  chiefly  cyanides.  These  seem  to 
have  accumulated  after  tlic  materials  passed  £,  situate  5|  feet  higher 
up;  the  heat  at  the  latter  point  apparently  not  having  sufficed  for  their 
volatilization.  At  D  vaporization  must  have  fiEurly  started  and 
have  carried  upwards  the  salts  in  question,  which  must  have  been 
condensed  and  brought  back  to  the  lower  levels,  where  the  fume  is 
exclusively  composed  of  alkaline  cyanides  and  carbonates. 

At  E  it  will  be  perceived  that  one  half  of  the  sublimate  consisted  of 
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metallic  zinc,  which  sufficed  to  cover  the  inside  of  the  tubes  employed 
with  a  lustrous  lining.  At  the  same  time  that  there  was  a  large 
quantity  of  zinc  in  the  metallic  form,  15*29  of  the  frime  consisted  of 
oxide  of  zinc.  A  reference  to  D,  5f  feet  further  down  in  the  frunaoe 
will  show  that  all  this  metal  existed  there  as  carbonate  or  oxide,  the 
two  amounting  to  18*59  per  cent,  of  the  whole. 

To  form  an  idea  of  the  reducing  power  of  these  two  regions  of  the 
furnace  on  oxide  of  zinc,  we  must  consider  their  temperature  and  the 
nature  of  the  atmosphere  which  pervades  them.  These,  obtained  from 
a  furnace  of  80  feet  in  height,  are  given  below. — 
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Composition  of  ga$e9  bjf  volume: — 

Carbonic  acid 

Carbonic  oxide 

Hydrogen         ...        ...         ... 

Nitrogen  ...        ... 


D  (391  feet 
ftbove  Ihqrores). 

E(tflfeek 
wlbafTnjnm). 

»0»O.(l,7WP.) 

870»O.a«flBrF.) 

•00 

3-84 

84*82 

82-88 

1-41 

8-88 

68-77 

69«^ 

100- 

...      100- 

The  first  step  was  to  ascertain  the  nature  of  the  action  of  carbonic 
oxide  on  oxide  of  zinc;  which  was  done  by  paaaing  the  perfectlj  pure 
gas  over  the  oxide  in  an  apparatus  from  which  all  air  had  been  expelled. 
The  first  indication  of  carbonic  acid  in  the  current  of  gas  was  when 
the  temperature  reached  800^  F.  (427^  C.) — a  much  higher  temper- 
ature therefore  than  that  at  which  peroxide  of  iron  first  shews  marked 
action,  which,  it  will  be  remembered,  is  400^  F. 

On  increasing  the  heat  to  the  soffcening  point  of  the  glass  tube 
employed  (about  815^  C.  or  1,500^  F.),  metallic  zinc  began  to  sublime, 
mixed  with  oxide.  Inasmuch,  however,  as  oxide  of  zinc  is  not  volatile, 
its  presence  among  the  sublimate  is  probably  due  to  a  reoxidation  of 
the  newly  formed  metal,  through  contact  with  the  highly  heated  carbonic 
acid  ibrmed  by  the  oxidation  of  the  carbonic  oxide. 

An  experiment  was  made  to  ascertain  the  behaviour  of  metallic 
zinc  in  contact  with  carbonic  acid  at  certain  temperatures.  This  gas 
readily  converted  the  zinc  into  oxide  before  the  metal  was  melted. 
At  a  higher  temperature,  800°  to  850°  C.  (1,472°  to  1,562°  F.),  the 
carbonic  acid  was  entirely  converted  into  carbonic  oxide,  and  the  zinc 
was  oxidized  in  proportion. 

The  composition  of  the  gases  may  vary  so  much  during  the  time 
of  collecting  the  sublimed  matter  they  contain  that  it  is  useless  to 
speculate  on  the  reactions  which  are  takin^r  place  in  the  interior  of  the 
large  mass  of  heated  substances  which  fill  the  furnace.  No  doubt 
much  of  the  metallic  zinc  reduced  in  the  strongly  reducing  zone  is 
reoxidized;  for  it  was  ascertained  that  on  exposing  peroxide  of  iron  to 
a  current  of  zinc  vapour,  in  an  atmosphere  of  nitrogen  and  at  a  full  red 
heat,  for  2^  hours,  one-half  the  iron  was  foujid  completely  reduced. 
Any  unreduced  oxide  of  iron  therefore  at  D  would  also  be  able  to 
reoxidize  the  metallic  zinc. 


228   SECTION  IX. — CHEMICAL  CHANGES  IN  THE  BLAST  FURNACE. 

Although  in  the  table  of  analyses  of  the  ftime  the  acids  and  bases  aze 
mentioned  as  existing  in  a  certain  form  of  combination,  it  is  impossible 
to  speak  with  any  degree  of  confidence  as  to  their  precise  condition  in 
this  respect. 

Before  leaving  the  phenomena  connected  with  the  presence  of  zinc^ 
it  should  be  stated  that  this  metal  is  frequently  collected  in  considerable 
quantities,  after  running  out  in  its  metallic  state  through  the  brick- 
work near  the  tuyeres.  As  the  temperature  in  that  region  is  inconsistent 
with  the  presence  of  the  metal  in  its  liquid  form,  this  efflux  is  probably 
due  to  zinc  being  distilled  higher  up  the  furnace  and  accumulating 
behind  the  masonry,  where  from  a  subsequent  increase  of  temperature 
it  melts,  and  then  escapes  in  the  manner  described. 

The  presence  of  lead  in  the  vapourized  substances  which  are  found 
in  the  blast  furnace,  indicate  the  frequent  existence  of  this  metal 
in  the  material  employed  by  the  iron  smelter.  This  is  particularly 
the  case  when  the  ore  is  obtained  from  veins,  more  or  less  prodnctiye 
of  galena,  in  which  event  metallic  lead  sometimes  runs  from  the 
tappinghole  into  the  pig  moulds.  I  have  not  met  with  this  during 
my  own  experience ;  but  the  circumstances  attending  its  occurrence^ 
no  doubt,  are  analogous  to  those  which  accompany  the  reduction  of 
zinc. 

Whether  ammonia  is  brought  in  by  traces  adhering  to  the  coke,  or 
is  the  result  of  a  direct  combination  of  nitrogen  with  hydrogen  in  the 
furnace,  or  occurs  through  the  instrumentality  of  the  cyanogen  com- 
i:>ounds,  I  have  no  means  of  determining.  About  10  years  ago,  when 
using  raw  Cleveland  ironstone  in  the  furnaces,  a  large  quantity  of 
water  was  given  off;  and  this  dissolving  the  deliquescent  chlorides 
formed  stalactites  outside  the  gas  tubes.    These  consisted  of: — 

PerOent. 

Insoluble  matter,  probably  peroxide  of  iron           ...         ...  1*0 

Cbloride  of  ammouiiini          62*9 

Oo.       iron          ...         ...         ...         ...         ...         ...  14*7 

Do.       zinc          ...         ...         ...         ...         ...         ...  6*6 

Do.       8odinm  and  calcium       ...         ...         ...         ...  trace. 

Wftftir  24*A 

T  T  C»L%J&    ••«         •■•         ■■•         ■••         ••>         •••         •••         •••         mmM'  \^ 

100- 
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In  oonnection  with  the  presence  of  the  alkalies  in  the  vaponrs 
emitted  daring  the  smelting  of  iron,  it  shonld  be  stated  that  the 
comparatively  rare  alkali  lithia,  was  observed,  by  means  of  the 
spectroscope,  in  the  flame  burning  at  the  tymp  of  one  of  the  Clarence 
furnaces,  by  Mr.  Norman  Lockyer  and  myself;  and  subsequently  this 
substance  was  detected  as  a  trace  in  an  analysis  of  the  fume. 

The  substances  contained  in  the  fume  which  now  daim  attention 
are  the  silica,  lime,  alumina,  and  magnesia.  These  four  earths  occur 
in  large  quantity  in  the  ironstone;  they  constitute  the  ash  of  the  coke, 
and  the  limestone  in  use,  the  last  mentioned  although  essentially  a 
<»rbonate  of  lime,  contains  also  a  small  amount  of  silica,  alumina,  and 
magnesia. 

No  doubt  the  mere  current  of  gas  passing  through  the  materials 
-when  charged,  will  mechanically  propel  a  certain  quantity  of  the  fine 
dust,  which  occurs  largely  in  the  calcined  Cleveland  stone  and  to  a  less 
•extent  in  the  coke.  The  presence  of  dust  of  peroxide  of  iron  and  of 
carbon  in  the  fume  deposited  by  the  gases  as  they  escape,  is  a  proof  of 
A  certain  portion  of  matter  being  carried  over  mechanically  in  the  way 
suggested.  Such  portions  are  however  coarse  in  their  texture,  and 
form  no  part  of  the  chief  mass  which  has  been  referred  to  as  a  sublimate. 

This  appellation  has  been  bestowed  on  the  true  fume,  because  it 
bears  all  the  physical  attributes  of  matter  which  has  been  in  vapour, 
and,  condensing  from  that  state,  has  adhered  to  any  surface  exposed 
to  it. 

The  circumstance  that  four  substances,  of  such  a  fixed  nature  as 
silica,  lime,, alumina,  and  magnesia^  are  evaporated  by  heat,  and  by  a 
<!omparatively  moderate  heat,  seems  the  reverse  of  what  might  be 
expected;  especially  as  some  of  these  substances  are  employed  in  the 
<X)nstrnction  of  the  hottest  furnaces. 

In  searching  for  the  probable  origin  of  this  sublimed  matter,  I  was 
formerly  led  to  look  for  metallic  potassium  and  sodium  in  the  ftimacc, 
believing  that  they  might  reduce  the  bases  of  the  earths,  and  that 
these,  being  carried  mechanically  upwards  in  a  fine  state  of  division, 
might  be  reoxidized  in  the  upper  region;  but  I  failed  to  discover  a 
iraoe  of  these  metals. 
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Attempts  were  then  made  to  obtain  metallic  alnmininm  in  the 
laboratory,  by  exposing  to  a  very  high  temperature,  in  a  graphite 
crucible,  mixtures  of  alumina  and  cyanide  of  potassium,  with  and 
without  carbon.    In  no  cas3  was  there  a  trace  of  the  metal  discovered. 

There  is  one  fact  in  connection  with  the  properties  of  this  fume 
which  deserves  attention.  The  silica  in  all  the  raw  materials  of  the 
furnace  is  almost  if  not  entirely  insoluble  in  water,  after  treatment  by 
hydrochloric  add;  whereas  in  the  fume  or  sublimate  this  substance  is 
all  soluble  in  that  acid.  This  proves  the  fact  that  chemical  action  has 
been  at  work,  and  the  most  probable  cause  of  such  action  lies  in  the 
alkaline  constituents  of  the  fume. 

It  is  to  be  observed  that  the  gases  contain  no  trace  of  any  of  these 
four  earths,  until  we  have  reached  a  point  about  45  feet  above  the 
tuyeres,  in  a  furnace  having  a  height  of  80  feet.  I  apprehend  that 
this  is  due  to  the  condensation  of  the  alkalies,  and  their  existence 
in  a  fused  state  among  the  earths.  Under  such  circumstances  nothing 
more  likely  than  that  we  should  have  a  fused  mass  of  alkalies,  with 
silica,  lime,  alumina,  and  magnesia.  This  mode  of  action  does  not 
necessarily  account  for  the  formation  and  possible  evaporation  of  the 
metallic  bases  of  earthy  substances  by  the  intervention  of  potassium 
or  sodium,  for  these  metals  appear  to  exist  in  the  fume  obtained  from 
the  upper  parts  of  the  furnace  chiefly  as  potassium  and  sodium 
chlorides.  The  earths  at  E  (45|  feet  above  the  tuyeres)  bear  the 
following  relation  to  each  other: — 

Alumina.  Magnesia. 

100 

Looking  at  the  fixed  nature  of  these  bodies  under  the  most  intense 
heats  we  can  command  it  would  seem  as  if  the  only  means  of  account- 
ing for  the  sublimation,  is  by  the  power  which  currents  of  highly 
heated  gases  are  known  to  possess  of  carrying  away  substances  other- 
wise fixed  in  their  nature. 

During  the  passage  of  this  earthy  sublimate,  if  such  it  really  be, 
through  the  colder  portions  of  the  materials,  a  good  deal  will  no 
doubt  be  condensed,  and  carried  back  in  the  solid  form  to  the  lower 
regions  of  the  furnace;  and  it  would  appear  that,  while  the  proportion 


SiUca. 

Lime. 

Magnesia. 

42 

44 

12 

2      = 
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of  silica  is  noc  very  sensibly  afPected  in  quantity  by  this  cnmnlative 
process,  the  lime  certainly,  as  shown  in  the  table,  is  considerably 
diminished  in  amonnt;  its  place  being  taken  by  alumina  and  magnesia. 
The  following  figures  exhibit  the  changes  just  referred  to;  and  to 
them  is  added  an  example,  showing  the  composition  of  the  slag  from 
a  furnace  smelting  Cleveland  stone;  by  which  it  will  be  seen  that 
there  is  little  analogy  between  the  fume  and  the  slag,  as  to  the 
relations  which  the  earths  bear  quantitively  to  each  other.  Where 
sulphates  and  chlorides  occur,  their  equivalent  of  oxide  is  taken  into 
account: — 

SiUoA.  Lime.  Alamina.  Migrwtto. 

E  45^  feet  above  tnyeret    ...        42  44  12            2       -     100 

F68ido.          do.              ...        87  87  16          11       -     100 

G76    do.    eBcaping  gases...        29  17  21           4-100 

Slag               29  38  24            9-100 

The  composition  of  the  fiime  deposited  firom  the  gases  after  they 
leave  the  furnace,  cannot  be  relied  on  as  correct;  for  it  is  contaminated 
with  mechanicaUy  projected  dust,  as  evidenced  by  the  large  quantity 
of  peroxide  of  iron  and  carbon  it  contains. 

Looking  at  the  small  proportion  of  the  earths  which  leave  the 
furnace  in  the  form  of  this  fume,  the  composition  of  the  slag  necessarily 
represents  the  relations  they  bear  to  each  other  in  the  materials  charged. 
Assuming  this,  and  comparing  the  composition  of  the  slag  with  that 
of  the  fume,  before  it  is  contaminated  with  the  dust  mechanically 
carried  over  from  the  ironstone  and  coke,  we  have  the  following 
numbers: — 

Silica.      Lime.    Alumiiuk.    Magrwria. 
Fume  58i  feet  above  tuyeres        37  37  15  11       «     100 

Normal  relation  as  in  slag...        29  38  24  9-100 

From  these  we  may  infer  that  the  silica  is  most  affected  by  the 
causes  in  operation  in  the  furnace,  which  conduce  to  sublimation. 

Compared  with  the  slag;  87  parts  of  silica  ought  to  have  been 
accompanied  by: — 


Lime. 

Alumina. 

Mi«n«i 

48 

ol          •.. 

11 

Whereas  there  was  only   . . . 

37 

15 

11 

Deficiency 

11 

ir. 

0 
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Hence  it  appears  that  the  lime  and  alnmina  are  the  least  affected 
by  the  sublimating  influences. 

The  fume,  during  its  passage  from  the  furnaces  to  the  fireplaces, 
where  the  gas  containing  it  is  burnt,  deposits  its  grosser  partidea. 
After  combustion  however  there  accumulates  in  the  boiler  and  stove 
fireplaces  a  large  quantity  of  a  fine  powdery  matter,  having  a  dirty 
yellow  colour. 

From  hence  the  burnt  gas,  diluted  with  the  air  required  for  its 
combustion,  and  bearing  with  it  a  large  quantity  of  the  finest  portions 
of  the  sublimate,  is  carried  forward  towards  the  chimney.  At  the  base 
of  one  of  the  boiler  chimneys  at  the  Clarence  works,  the  amount  of  the 
fume  contained  in  each  cubic  metre  of  the  diluted  gas  was  ascertained 
to  amount  to  1*07  grammes. 

I  will  add  to  what  has  been  said  on  this  subject  the  composition  of 
the  deposit  gathered  in  one  of  the  boiler  fireplaces,  and  that  of  the 
fume  as  it  enters  the  chimney. 

DuBt  from  Pireplaoe.    Fume  »t  Chimney. 


Per  Cent. 

Percent 

Silica 

2309 

32-85 

Lime 

11-87 

21-23 

Alumina 

18- 18 

16-66 

Magnesia     . . . 

4-45 

13-26 

Potash  and  soda 

2-66 

2-54 

Oxide  of  zinc 

1112 

3-34 

Do.       lead 

308 

2-55 

Peroxide  of  iron 

8-29 

6-57 

Sulphuric  acid  combined  with  limci  etc.... 

16-68 

•55 

Phos])horic  acid 

«.•                  •••                   ■•#                  ••• 

-69 

99-72 

100-24 

Although  the  earthy  constituents  which  form  the  bulk  of  this 
vaporous  or  finely  divided  matter  appear  to  take  their  origin  in  a  part 
of  the  furnace  where  the  temperature  is  by  no  means  very  intense — 
probably  not  above  1,098°  C.  (2,000°  F.)— I  have  remarked  that  when 
the  furnaces  in  the  Middlesbrough  district  are  ^*  working  cold,"  which 
happens  when  they  are  making  white  iron,  little  or  no  fnme  is  given 
off.  On  the  other  hand  its  comparative  absence  is  to  be  obseiTed  in 
the  Scotch  furnaces  smelting  rich  foundry  iron,  where  it  might  well  be 
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expected  to  occur,  seeing  that  the  slag  much  resembles  in  composition 
that  of  the  works  using  Cleveland  stone.  The  slag  from  one  of  the 
Coltness  furnaces  contains  the  four  earths  in  the  proportions  given 
below,  which,  it  will  be  seen,  closely  resemble  those  at  the  Clarence 
works : — 


SiUca. 

Lime. 

Alumina. 

Maffiiesia, 

Coltness  iron  works  ... 

30 

:is 

20 

12 

Clarence        do. 

2J) 

3H 

1> 

At  Coltness  however  the  coal  is  used  raw,  which  gives  rise  to  the 
distillation  of  ajarge  quantity  of  tar  in  the  upper  region;  and  it  may 
be  that  the  presence  of  this  substance  may  serve  to  intercept  the  escape 
of  the  sublimate  in  question. 

There  are  no  doubt  many  circumstances  which  may  conduce  U> 
changes  in  the  composition  of  the  fume  from  blast  furnaces.  The 
more  prominent  of  those  are  alterations  in  the  contents  of  the  materials; 
this  observation  is  chiefly  applicable  to  the  ironstone,  which  is  much 
more  subject  to  changes  in  composition  than  the  coke  or  limestone. 

If  this  remark  be  appropriate  in  the  case  of  ironstone,  taken  from 
one  district,  which  is  nevertheless  valuable  in  its  composition,  it  is  still 
more  so  in  the  case  of  furnaces  employing  ironstone  from  other  districts 
and  of  a  totally  di£Perent  character. 

There  is  to  be  found  in  the  present  Section  a  good  deal  of  matter  of 
a  more  or  less  speculative  character.  This  observation  applies  particu- 
larly to  the  alterations  in  the  relative  propoitions  which  the  carbon, 
oxygen  and  nitrogen  bear  to  each  other  in  different  levels  of  the  blast 
furnace.  It  is  also  applicable  to  the  formation  and  behaviour  of  the 
cyanogen  compounds,  and  other  substances  found  in  the  fume  given 
off  during  the  process  of  smelting.  Whatever  value  the  speculations 
themselves  may  have,  it  is  hoped  that  the  facts,  mentioned  in  connec- 
tion with  the  attempted  explanations,  may  justify  the  space  devoted 
to  their  description. 


284  sEcrriON  X. — bquivalbnts  of  heat  evolved 


SECTION  X. 


ON  THE  EQUIVALENTS  OF  HEAT  EVOLVED  BY  THE 

FUEL  IN  BLAST  FURNACES. 

Singe  the  matter  relating  to  the  subject  of  the  present  Section  wa» 
printed  in  this  work,  farther  consideration  has  induoed  me  to  add  a 
few  more  pages  on  a  question  of  so  much  practical  importance  to  the 
iron  smelter.  This  appeared  to  me  especially  desirable  because  at  the 
present  time  the  use  of  fire  brick  stoves  is  engaging  increased  atten- 
tion. I  have  also  been  led  to  give  the  question  further  notice  by 
having  had  a  recent  opportunity  of  again  examining  the  performance  of 
furnaces  which  are  exclusively  engaged  in  the  manu&cture  of  charcoal 
iron.  Besides  this^  Mr.  Charles  Cochrane  has  published  his  experience 
with  superheated  air  in  his  very  capacious  furnaces  at  Ormesby ;  ^  so  that 
I  am  now  able  to  supplement  the  data  given  at  p.  107,  et  seq.,  in 
reference  to  the  interesting  problems  connected  with  this  brandi  of  my 
work. 

The  value  of  every  description  of  fuel,  so  &r  as  its  use  m  the  blast 
furnace  is  concerned,  I  repeat  may  be  primarily  regarded  as  dependent 
on  the  fixed  carbon  it  contains. 

If  the  fuel  used  in  smelting  iron  is  uncharred,  the  gaseous  matter^ 
instead  of  being  previously  burnt  in  the  coke  ovens  or  charcoal  pits, 
is  rendered  available  for  purposes  outside  the  furnace;  but  it  is  next 
to  useless  inside  it.  Of  course  some  sacrifice  of  solid  carbon  must 
be  made  in  volatilizing  the  gases,  when  using  raw  ftiel;  but  this  doe& 
not  amount  to  the  waste  of  the  fixed  portion  of  the  coal  generally 
incurred  during  the  process  of  charring. 

In  practice  a  coal  containing.  72  per  cent,  of  coke  only  yields  about 

'  Proceedings  of  Institution  of  Meclianical  Engineers,  August,  1882. 


SBCnOK  X. — ^BT  FUEL  USED  IN  BLAffT  FURNACES.  285 

62  per  cent,  in  the  ordinary  so-called  bee  hive  oven^  which  means  a  loss 
of  10  units.  Allowing  for  ash,  these  10  units  of  coke»  if  burnt  to  carbonic 
acid,  will  afford  72,000  Centigrade  calories.  Supposing  on  the  other 
handy  that  18  units  of  volatile  matter  have  to  be  expelled,  86,000 
calories  will  be  absorbed;  or  about  one  half  the  quantity  wasted  in  the 
oven,  by  the  needless  combustion  there  of  solid  carbon. 

The  only  value  of  the  hydrocarbons  which  are  given  off  by  raw  fuel 
in  the  blast  furnace  must,  I  imagine,  be  in  the  power  they  possess  of 
maintaining  a  deoxidizing  agency  in  the  reducing  zone.  If  this  be 
tme,  then  they  may  save  so  much  carbonic  oxide,  which  otherwise  would 
be  required  to  be  furnished  by  the  combustion  of  solid  carbon. 

The  same  observations  as  those  made  in  reference  to  coke  apply,  in 
point  of  principle,  to  the  manufacture  of  charcoal;  but  the  large 
quantity  of  water  present  in  wood,  renders  its  use  in  the  raw  state, 
except  in  very  limited  proportions,  impracticable. 

The  heating  power  of  the  fixed  carbon,  in  fuel  used  in  blast  furnaces, 
is  afibcted: — 

(a)  By  the  quantity  and  nature  of  the  foreign  matter  with  which 

it  is  associated: 

(b)  By  the  temperature  and  condition  of  the  air  with  which  it  is 

burnt: 
(e)  By  the  state  of  oxidation  in  which  it  leaves  the  furnace: 
(d)  By  the  quantity  of  heat  which  escapes  unutilized  in  the 
blast  furnace  gases. 
I  propose  to  examine  these  items  in  the  order  in  which  they 
stand. 

(a)  Effeet  of  quantity  and  nature  of  foreign  matter, — An  obvious 
inconvenience  of  foreign  matter,  in  coke  or  charcoal,  is  that  it  affords 
no  heat  in  the  furnace ;  for  even  if  a  portion  is  in  the  form  of  com- 
bnstible  gas,  it  is  evaporated  long  before  it  reaches  the  tuyeres,  where 
the  solid  carbon  is  bnmt.  The  extent  to  which  fuel  is  injured,  under 
this  aspect  of  the  case,  depends  on  the  quantity  of  foreign  matter 
present.  Supposing  it  to  be  10  per  cent.,  the  co-efficient  of  heat,  for 
one  unit  of  coke  burnt,  is  as  under : — 

To  carbonic  oxide  1  x,  2,400  —  10  per  cent,  impurity  —  2,160. 
To  carbonic  acid  1  x  8,000  —  10  per  cent,  impurity  -  7.200. 
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When  these  two  gases  are  found  in  the  proportion  of  1  toI.  CO,  to 
2  vol.  CO,  the  heat  equivalent  of  coke  containing  10  per  cent  of] 
foreign  matter  will  be : — 

1   X  7.200  +  2  X  2,160 

q =  3,8-10  jter  unit. 

The  heating  value  of  the  combustible  is  Airther  materially  affected 
by  the  nature  of  the  foreign  matter. 

Uncombined  water  absorbs  as  much  heat  as  is  required  to  evaporate 
ity  plus  that  required  to  raise  it  to  the  temperature  of  the  escaping 
gases.  The  last-mentioned  portion  of  the  loss  is  however  included 
under  heading  (d). 

Coke  is  frequently  quite  dry,  at  other  times  it  may  contain  2  per 
cent,  of  water :  whereas  charcoal  sometimes  contains  aa  much  as  1 5  per 
cent,  to  20  per  cent,  of  moisture.  At  15  per  cent,  each  unit  would 
contain  '15  unit,  and  this  multiplied  by  540  calories  (required  to{ 
convert  a  unit  of  water  into  vapour)  gives 

*15  X  540  —  81  calories. 

This  is  equivalent  to  a  loss  of  something  above  3^  jxir  cent,  when 
the  charcoal  is  burnt  to  the  state  of  CO,  and  of  a  little  more  than  1  per 
cent,  when  CO,  is  the  product  of  combustion.  Oxidized  as  carbon 
usually  is  in  blast  furnaces,  say  at  something  like  2  volumes  of  CO  to  1 
volume  COj,  the  loss  represents  about  2^^  per  cent,  of  the  heating  power 
evolved  by  charcoal.  A  common  ingredient  in  coke  and  charcoal  is  un- 
expelled  volatile  matter.  This,  consisting  of  CO^,  CO,  CH4,  H  and  N, 
exceeds  sometimes,  in  the  case  of  charcoal,  6  per  cent,  of  the  tota] 
weight.  Adopting  this  number,  each  unit  contains  '06  of  such  matter, 
which,  multiplied  by  2,000  calories,  gives  an  absorption  of  120  calories, 
or  a  loss  about  one  half  greater  than  when  the  charcoal  was  associated 
with  15  per  cent,  of  water;  say  therefore  a  loss  of  about  3  per  cent,  of 
the  heat  evolved  by  the  carbon  as  it  is  usually  burnt  in  the  ftunaoe. 
In  well  made  coke  the  volatile  matter  besides  water  rarely  exceeds 
1;^  per  cent.,  and  occasions  therefore  a  loss  of  only  25  calories  per  unit 

When  the  volatile  constituent  is  carbonic  acid,  a  further  loss  attends 
its  presence  beyond  that  represented  by  its  own  weight;  because,  not 
being  gasified  until  it  reaches  a  position  in  the  furnace,  where  the 
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temperature  enables  it  to  cany  off  a  quantity  of  solid  carbon  equal  to 
that  it  contains ;  this  quantity  is  thus  oxidized  utithout  affording  any 
useful  heat  in  the  furnace. 

Recently  Dr.  F.  Muck  has  given,  in  a  very  useful  publication,^  the 
particulars  of  certain  analyses,  in  which  as  much  as  7*68  per  cent,  of 
(iXTgen  appears  as  one  of  the  constituents  of  coke.  According  to  the 
researches  of  Parry,  when  coke  was  heated  in  vacuo,  the  oxygen  was 
gasified,  producing  CO  and  COt  in  the  ratio  of  one-third  in  the  former 
and  two-thirds  in  the  latter  state  of  combination.  Applying  these 
figures  to  a  coke  containing  7*68  per  cent,  of  oxygen,  this  means  that 
8  84  per  cent,  of  its  carbon  would  disappear  as  CO2,  and  be  wasted 
before  it  reached  the  tuyeres. 

The  last  kind  of  the  foreign  matter  requiring  notice  is  the  solid 
ash;  which  acts  hurtfully,  not  only  because  it  must  itself  be  fused,  but 
because  additional  limestone  has  to  be  used,  partly  as  a  flux  and  partly, 
I  imagine,  to  free  the  iron  from  the  additional  sulphur  often  brought 
in  with  the  ash  of  the  fuel. 

It  may  be  considered  roughly,  that  when  80  units  of  coke  are 
nsed  to  produce  20  units  of  Cleveland  pig  iron,  16  units  of  limestone 
are  required ;  and  this,  when  the  consumption  of  coke  is  reduced  to 
22  units  by  the  use  of  large  furnaces  80  feet  in  height,  is  brought 
down  to  11  units. 

If  we  take  the  ash  and  sulphur  at  7  per  cent.,  we  should  have  to 
deal  with  2*10  units  for  the  80  units  of  coke,  and  1*54  for  the  22  units. 
This  is  equivalent  to  an  increase  of  (2*10  —  1'54),  or  *56  of  ash;  to 
which  has  to  be  added  the  lime  in  5  units  of  limestone,  say  2'8  units 
united  with  2*2  of  carbonic  acid.  We  have  therefore  8*86  units  more 
of  slag  to  fuse  in  the  one  case  than  in  the  other. 

The  total  loss  upon  the  20  units  of  iron  will  stand  thus: — 

CaloriM. 

Expulsion  of  CO,  from  6  c^'ts.  of  limestone 5  x      370  »  1,850 

Decomposition  of  the  2*2  CO, *6  carbon  x  3.200  «=  1,920 

Ffuion  of  ash  and  lime 3'36  cinder  x      550=  1,848 

Total  loss        ...         ...         ...         ...         ...         . , ,         ...     5,618 


*  Steinkohlen  Cheinie.     Translated  notice  is  given  in  Transactions  Inm  jind  Steel 
biiititate,  1882. 
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From  the  facts  jast  enumemted,  it  may  be  estimated  that  fit>m 
causes  connected  with  the  composition  of  the  coke,  its  valne  as  a  flomoe 
of  heat  may  be  affected  to  the  extent  of  from  abont  8  per  cent,  to 
about  doable  this  amount.  This  diminution  of  power  is  fiiequenUj 
aggravated  by  a  still  larger  quantity  of  ash  than  that  considered  as 
present  in  the  above  calculations.  On  the  Continent  I  have  met  with 
instances  in  which  coke  used  for  smelting  iron  contained  as  much  as 
12  to  15  per  cent,  of  earthy  matter. 

An  excessive  use  of  fuel  in  the  blast  furnace  is  thus  accompanied 
by  a  notable  waste;  for  it  has  just  been  shown  that  5,618  heat  units 
may  be  devoted  to  the  formation  of  the  additional  slag  incidental  to 
an  increase  of  8  cwts.  of  coke  consumed  per  ton  of  iron. 

(b)  The  temperature  and  condition  of  the  air  with  which  the  coke  is 
burnt, — Each  addition  to  the  temperature  of  the  blast  increases  by  so 
much  the  number  of  calories  afforded  by  the  coke.  If  the  blast  contained 
500  calories  for  each  unit  of  the  fuel,  and  if  the  heat  afforded  by  the 
combustion  of  the  fuel  were  8,840  calories,  the  equivalent  of  fuel  so  burnt 
would  be  8,840  +  500  =  4,840  calories.  On  the  other  hand,  if  the 
air  contains  1  per  cent,  of  moisture,  which  it  occasionally  does,  160 
calories  per  unit  of  coke  burnt  might  be  absorbed  from  this  cause. 
This  however  is  an  extraordinary  amount  of  saturation:  100  to  120 
calories  is  therefore  a  more  common  amount  of  heat  absorption  from 
moisture  equal  to  about  2^  or  2|  per  cent,  of  the  total  quantity  of 
heat  evolved  under  the  conditions  just  mentioned. 

(c)  The  state  of  oxidation  in  which  the  carbon  leaves  thejumaee, — 
Reference  has  frequently  been  made  in  the  present  work,  to  an 
apparent  limit  beyond  which  the  oxidation  of  the  carbon  in  die 
gases  could  not  be  carried.  The  observations  upon  which  this  point 
wa4  approximately  determined  were  carried  on  by  means  of  Aunaoes 
smelting  Cleveland  oi^e  with  Durham  coke.  At  the  same  time  I  have 
no  reason  for  thinking,  that  the  conclusions  I  arrived  at,  under  the 
conditions  just  named,  are  not  equally  applicable  to  all  furnaces  using 
mineral  fuel. 

It  is  needless  to  refer  again  at  any  length  to  the  methods  employed, 
not  only  at  the  furnaces  themselves  but  in  the  laboratory,  to  demonstrate 
^vhat  seems  to  be  a  chemical  law,  viz.,  that  when  the  gases  have  abont 
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one-third  of  their  carbon  in  the  form  of  carbonic  acid,  they  aie 
unable  to  reduce  iron.  I  would  explain  this  law  in  the  following 
way: — 

The  combining  equivalent  of  peroxide  of  iron  Fe^Og  is  80,  com- 
posed of  56  of  iron  and  24  of  oxygen.  Of  these  24  parts  of  oxygen, 
12  are  so  feebly  held  by  the  iron  that,  4^  parts  of  carbon  suffice  for 
separating  this  half  of  the  combined  oxygen,  giving  16^  parts  of  car- 
bonic acid.  The  remaining  half  of  the  oxygen  is  however,  so  firmly 
retained,  that  it  requires  twice  as  much  carbon,  or  9  parts,  to  tear  it 
away  from  the  iron,  producing  by  this  union  21  parts  of  carbonic  oxide. 
These  figures  it  wiU  be  perceived  give  us,  one -third  of  the  carbon  as 
carbonic  acid,  and  two-thirds  as  carbonic  oxide.^ 

Saturation  of  the  carbon  with  oxygen,  in  furnaces  using  coke, 
never  reaches  the  limit  just  named, «.«.  one-third  as  carbonic  acid  and 
two-thirds  as  carbonic  oxide,  at  least  such  is  the  result  of  my  own 
experience  and  observation.  The  simplest  way  to  show  this  will  be  by 
quoting  the  results  actually  obtained  in  different  cases  which  have 
been  examined,  assuming  the  air  to  have  been  at  82^  F.  Tliere  it 
will  be  seen  that  a  unit  of  coke  gives,  by  its  combustion  with  air 
at  0®  C.  (32°  F.),  in  one  case  3,087  calories,  and  in  another  8,8C(), 
showing  a  difference  of  fully  25  per  cent.^  due  entirely  to  differences 
in  the  extent  of  its  oxidation. 

For  this  purpose  Tables  have  been  constructed,  containing  examples 
of  a  varied  character  both  as  regards  the  development  of  heat  and  its 
appropriation.  In  the  comparison  of  the  two  sides  of  the  account  is 
given,  the  number  of  calories  produced  by  the  coke,  modified  by  the 
extent  to  which  the  carbon  is  oxidized,  and  by  the  temperature  of  the 
blast.  On  the  other  side  is  inserted  the  requirements*  of  the  furnace 
as  affected  by  differences  in  the  ores  and  flux  under  treatment,  as  will 
be  explained  in  its  proper  place. 

'  As  explained  in  its  proper  place.  Sec.  V.,  this  is  not  the  ^vay  in  which  reduc- 
tion is  actnallj  performed  in  the  hlast  furnace.  The  carbon  is  considered  as  first 
entirely  con  verted  into  carbonic  oxide,  and  when  one- third  of  it,  in  this  new  fonn, 
is  converted  into  carbonic  acid  further  action  ceases,  leaving  two-thirds  unchanged. 
The  final  remit  is,  of  course,  the  aame  in  each  case,  viz.  CO,  +  2  CO  in  which  the 
'^^ygen  in  the  two  forms  of  oxidation  is  the  same,  but  the  C  in  the  CO,  is  only 
halfthatin  the2CO. 

'  Vide  Examples  B  and  I,  pages  244  and  246. 
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The  heat  prodaced  by  the  actual  combustion  of  the  coke  is 
uecessarilj  affected  by  the  amount  of  impurity  it  contains.  This  is 
very  variable  and  uncertain;  but  as  the  difference  will  not  exceed 
2^  per  cent,  in  any  case,  this  cause  of  disturbance  is  not,  generally 
si^eaking,  taken  into  the  account. 

(d)  The  quantity  of  heat  which  escapes  unutilized  in  the  gases. — 
This  is  estimated  by  observations  on  their  temperatures;  and  the  com- 
position and  weight  for  a  given  quantity  of  iron  made  being  known, 
it  is  easy  to  calculate  the  amount  of  heat  thus  carried  off.  Care  must 
of  course  be  taken  to  extend  the  observations  over  a  sufficient  pericMl 
of  time  to  secure  an  average  representation  of  the  whole;  because,  as 
has  been  explained  in  Section  IX.,  page  180  et  seq,,  the  temperatare 
varies  very  considerably  according  to  circumstances. 

Beyond  any  irregularity  in  the  composition  of  the  coke,  there 
are  many  other  circumstances  which  render  it  impossible  to  claim 
])erfect  correctness  in  the  estimates  of  the  performance  of  a  blast 
furnace. 

The  ironstone  may  be.,  and  occasionally  is,  imperfectly  calcined. 
This  mineral,  as  it  occurs  in  the  Cleveland  hills  contains  about  22  per 
cent,  of  carbonic  acid  or  6  per  cent,  of  carbon.  If  we  assume  65 
units  of  raw  stone  to  be  consumed  for  each  20  units  of  iron  we  have 
8-0  units  of  carbon  in  this  weight  of  ore.  Supposing  5  per  cent,  of 
this  carbon  to  remain  unexpelled  we  may  have  '19  of  a  unit  of  this 
element  derived  from  this  source  instead  of  being  contributed  by  the 
coke.  The  retention  of  this  carbon  as  carbonic  acid  would,  were  it 
(H)mbined  with  the  iron,  mean  that  a  corresponding  quantity  of  the 
metal  remains  in  the  form  of  protoxide,  instead  of  being  peroxidized 
as  happens  in  roasting  the  ore.  The  ore  for  each  20  units  of  pig  iron 
might  therefore  afford  *26  units  less  oxygen  than  is  estimated  for  in 
my  calculations. 

The  unexpelled  carbonic  acid  however  may  be  partly  or  possibly 
wholly  retained  by  lime  and  magnesia  which  earths  constitute  aboat 
1 2  per  cent,  of  Cleveland  raw  ironstone.  We  should  then  have  the 
relation  between  carbon  and  oxygen  as  they  exist  in  the  imperfectly 
(iilcined  ore  disturbed  fh)m  this  cause. 

The  coke  itself  may  contain  oxygen,  generally  in  very  minute 
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quantities ;  bat  I  have  recently  met  with  a  case  in  which  2^  per  cent. 
of  this  substance  was  fonnd  in  a  quantity  famished  by  a  mine  in  the 
county  of  Darham. 

Again  the  air  blown  into  the  famace  is  constantly  altering  in  the 
quantity  of  moisture  it  contains.  Kamtz  of  Halle  found  over  a  series 
of  years  that  the  mean  quantity  of  water  in  the  atmosphere  at  that 
place  varied  from  61  to  86*2  per  cent,  of  the  quantity  required  for 
complete  saturation.  Taking  100  units  of  air  as  the  consumption  for 
20  units  of  iron  we  should  have  '84  units  of  water  entering  the  furnace 
were  61  per  cent,  of  what  is  required  for  complete  saturation  and  *48 
nnits  of  water  were  it  86*2  per  cent.^  or  nearly  one-half  more  of  the 
first-named  quantity. 

Now  when  it  is  remembered  that  a  large  Cleveland  fomace  may 
contain  at  one  time  1^000  tons  of  material^  to  smelt  which  about  1,000 
tons  of  air  is  required  it  is  easy  to  conoeiye  the  nature  of  the  obstacles 
which  may  prevent  perfect  accuracy  in  any  calculation  founded  on  the 
process  itself. 

This  difficulty  of  a  correct  appreciation  of  the  various  factors  which 
have  to  serve  as  a  basis  of  calculation  makes  us  rarely  able  to  produce 
an  exact  correspondence  between  the  quantity  of  heat  estimated  to  have 
been  produced  and  that  really  required.  In  all  cases,  the  coke  con- 
sumed appears  to  give  a  little  more  heat  than  is  actually  needed, 
according  to  the  figures  taken  for  the  rate  of  absorption.  In  the  nine 
examples,  contained  in  the  two  tables,  the,  average  discordance 
between  the  two  sides  of  the  account  is  a  trifle  under  5  per  cent.;  but 
in  each  case  the  weight  of  coke  itself  has  been  taken  as  the  basis  of 
computing  the  consumption  of  fuel  for  the  process. 

The  calculations  which  follow  apportion  to  each  function  of  the 
furnace  its  own  equivalent  of  coke,  together  with  the  heat  in  the 
blast — the  latter  reduced  to  an  equivalent  of  coke,  so  as  to  give  at  a 
glance  the  actual  value  of  the  hot  blast  in  each  case.  These  functions 
are  divided  into  three  sections,  as  follows: — 

Glass  I. — ^The  elements  requiring  heat  which  depend  upon  the  quan- 
tity of  slag  to  be  melted,  the  weight  of  limestone  requiring 
dissociation,  the  quantity  of  water  to  be  evaporated  from  the 
materials,  and  the  dissociation  of  the  moisture  in  the  blast 

p 
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Class  II. — Those  requirements  of  a  fhrnaoe  which  comprise  redaction 
and  ftision  of  iron,  dissociation  of  carbonic  oxide,  rednction  of 
metalloids  absorbed  by  the  pig,  loss  of  heat  through  walls  of 
fdmace,  and  heat  carried  off  by  tayere  water  in  the  case  of 
hot  blast  famaces. 

Glass  III. — Heat  leaving  the  furnace  in  the  escaping  gases. 

The  first  example,  A,  Table  I.,  represents  an  ideal  case  of  smelting^ 
Cleveland  stone  with  cold  blast,  the  particulars  of  which  are  sufficiendj 
close  to  the  truth  to  enable  any  one  to  compare  the  sources  which  make 
up  the  saving  effected  by  the  use  of  hot  blast. 

In  this  case,  the  mode  of  dividing  the  items  of  heat  appropriation 
is  set  forth  at  length;  but  to  save  space  the  details  are  omitted  except 
in  two  other  examples,  the  elements  being  estimated  according  to  the 
yield  of  the  minerals  and  the  quantity  of  flux  required. 

The  work  of  the  cold  blast  furnace — one  of  old  construction,  say  of 
6,000  cubic  feet  capacity — ^is  estimated  on  a  cousumption  of  45  cwts. 
of  coke,  requiring  as  much  as  25  cwts.  of  limestone,  with  ironstone  of 
the  same  richness  as  the  other  examples  of  Cleveland  iron  mentioned 
in  the  table — say  42  per  cent,  or  47'6  cwts.  of  calcined  stone  per  ton 
of  metal. 

The  three  items  for  this  furnace  are  thus  calculated.^ 

Class  T. — ^Elements  of  heat  absorption: — 

Oaiotim. 

Fusion  of  slag         86  cwt.  x       550    ...  19^00 

Decomposition  of  water  in  blast '16  (H)  x  34,000     ...     5,440^ 

Expulsion  of  carbonic  acid  from  minerals  25  (CaCO,)  x        870     ...     9,260 

Decomposition  of  carbonic  acid  in     do 3  (C)  x     3,200     ...     9,600 

Evaporation  of  water  in  coke      1'16  x       540    ...       626 


it  Or  ward     •••         ...         ...         ...         ...         ...  ^Aff  Lo 

'  The  elements  of  absorption  have  been  formerly  (Chem.  Phen.,  p.  168)  divided 
into  variables,  constants  and  absorption  by  gases.  The  variables  were  subiect  to  great 
fluctuations  and  are  given  under  Class  I.  The  constants  were  less  liable  to  ehMgd 
but  not  being  absolutely  constant  are  viewed  under  Chiss  II. 

'  The  large  consumption  of  coke  necessitates  a  great  increase  in  the  weight  of  air 
required  for  its  combustion  as  compared  with  a  furnace  using  hot  blast:  hence  the- 
excessive  absorption  of  heat  under  this  item. 
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Class  II. — Elements  of  heat  absorption : — 

Brought  forward 44»716 

Saductioii  of  iron 18'6  x  1,780  =»  83,106 

Carbon  impregnation        '60  x  2,400  »    1,440 

Bednctaon  of  silicon,  Bolphor,  phosphonu  from  acids 4^174^ 

Transmiarion  through  walls,  etc  8,668 

Fnsion  of  pig  iron 20  x     380  »    6,600 

Carried  off  in  tnyere  wBter  KiL 

'  4o,cIdO 

Glass  III. — Balance,  regarded  as  carried  off  in  escaping 

cases      •••         •••         •••         •••         ••*         •••         •••  ssoySOv 


122,000 


The  evolation  of  heat  is  estimated  as  follows: — 

Coke  conaomed— 45  units  per  20  of  pig  less  4  of  ash,  &c.  41 

Less  carbon  in  limestone, carrying  off  an  equal  weight  from  coke        ...      8 

Leaving  carbon  as  source  of  heat  ...         ...        ...        ...        ...    88 

Aasnme  combustion   ...    6'50  as  CO.  x  8,000  -  44,000 

82*50  as  CO     x  2,400  -  78,000 


8800  122,000  -  2,711  calories  per 

:^=^  ^^^^      unit  of  coke  burnt. 


Particnlars  of  heat  absorbed  in  a  large  Cleveland  furnace  blown 
with  hot  blast  D,  Table  I.  :— 

Olaas  L                                         CImaB  IL  Clan  in. 

OmlorlM.                                         Calories.  Calories. 

Funonofslag          ...18,475    Reduction  iron     ...83,108  Escapng  gases  7,587 

Decomp.  H,0  in  blast  2,880    Carb.  impreg.       ...    1,440  — 

Expulsion  of  CO,     ...    8,471    Reduction  Si.,  S.,  P.  4A74  — 

Decomp.   of  do.       ...    3,584    Transmission        ...    3,668  — 

Evap.  H.Ocoke       ...      286    Fusion  pig           ...    6,600  — 

Tuyere  water       ...    1318 


28,196  60,798  7,537 


*  These  items  vary  considerably,  hence  the  figure  inserted  here  can  only  be 
TCgarded  as  a  rough  approximation. 


244 


SECTION  X, — BQUIVALBNT8  OF  HEAT  EVOLVED 


Table  I.—SiCBLTiKa  Clbtbland  Stonb. 


A.  B. 

Height  of  furnace 48  48 

Capacity,  cubic  feet  ...    6,000  6,000 

Weekly  make  per  1,000  c.  ft        20  86} 


Coke  per  ton  of  iron,  cwts. 
Limestone        do.  do. 

Quality  of  iron,  No. 
Temp,  of  blast,  d^jees  C... 
Do.  escaping  gases  do.  C... 
Units  of  C  as  CO  to  1  of 
C  as  CO.  in  escaping 


45 
26 

30 
0 

406 


6-91 


28-92 

16-00 

30 

486 

452 


4-06 


O. 
80 
11,500 
80 

22-32 

18-66 

8-0 

486 

382 


2-28 


D. 
80 
11.500 
80 

20-40 
9-38 
3-5 
563 
262 


2-62 


E.  F. 

76  SO 

20.642     35,016 


2414 

12-61 

3-0 

888 

829 


19-69 
12-62 
3-0 
819 


8-07         2-28 


Sources  of  heat,  per  unit  of  coke,  in  centigrade  ealoriee — 
Combnstioh  of  coke,  calories    2,711       8,087       3,653       8,580       8,258 
Contained  in  blast      do.         ...  509  684  574  906 


Total  calories 2,711       8,596       4,187       4,154       4,164 

Less  carried  off  in  gases  ...      629  567  897  869  866 


8,551 
798 

4,844 
189 


Usefnl  equivalent  of  heat...    2,082       8,029       8,790.      8,786       8,799       4,165 

Compariton  of  heat  developed  and  heat  absorbed^ — 
Heat  evolved  by  fuel,    in- 
cluding heat  in  blast, 
calories  ...  122,000  104,012     93,465     84^772  100,504     85,538 


Do.,  absorbed 
Difference 


122,000   101,120     89,712     81,531     89,165 
.    nil.  2,892       8,743       8,241     11,839 


88,162 
2,876 


122,000   104.012     93,455     84,772  100,504     85,538 


2-86        417         8-97       12-72 
14,724     11,919     11,724     21,864 


2-85 
15,618 


Percentage  of  difference  cal- 
culated on  absorption 

Calories  in  blast     nil. 

SUmetds  of  absorption  corrected  to  cover  differences  between  two  sides  of 
the  account — 

CUss     L' 44,716     84,884     81,308     24,118     33,824     29,477 

Class    II 48,980     52,249     52,916     52,818     67,268     62,236 

Class  III.,  gases    28,304     16,879       9,231       7,836       9,922       8,826 


Calories       122,000   104.012     93,465     84,772 

Elements  of  absorption  and  heat  in  blast  converted  into  \ 
of  iron — 

Class      L,  units     1649         970         7-47         5'80 

Class    IL      „        18-07       14-68       12-65       12*72 

CUss  III.,  gases,  units     ...    1044         469         2*20         1*88 

100,504 
iok^per 

8-00 

13-76 

2-38 

86,538 
aOmmtte 

• 

6-78 

12-03 

0-88 

Total  units  of  coke    ...    46*00 
Heat    in   blast    equivalent 
value  in  coke  as  burnt 
with  hot  Mr,  units    ...    nil. 

28-92 
4*09 

22-82 
2-84 

20-40 
2-82 

2414 
6-26 

19-69 
3*59 

Sam  of  coke  and  equivalent 

of  bUst  reckoned  as  coke   45-00 

33-01 

2616 

23-22 

29-89 

• 

23-38 

Foot  notes  vide  p.  246. 
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It  may  be  here  remarked^  in  referenoe  to  the  example  E,  that  the 
fuel  stated  as  having  been  consumed  (24*14  cwts.  per  ton  of  iron) 
seems  to  be  overstated ;  for  it  will  be  perceived  that  there  is  an  un- 
appropriated excess  of  11,389  calories.  This  is  7>000  to  8,000  calories 
above  the  difference  exhibited  in  the  other  examples.  This  fact, 
together  with  a  computation  based  upon  the  composition  of  the  gases, 
induces  me  to  think  that  the  consumption  of  coke  is  exaggerated  by 
about  1|  cwts. 


Table  II — I.    Elements  of  absorption  are  thus  classified : — 


OImbL 

OlMBlL 

OtaMin. 

CMoriM. 

Oflloriflt. 

Oalories. 

Fusion  of  slag          ...  4,240 

Redaction  iron 

...  33,464 

Oases...  5^14 

Decomp.  H.O  bUst...  2,040 

Carb.  impreg. 

..     1,775 

— 

Expulsion  of  CO,    ...  2,334 

Reduction  Si.,  S.,  P.  . 

..    3,200 

— 

Deoomp.  of  CO,       ...  2,432 

Transmission    ... 

..    3,658 

— 

Evap.  H,0  coke      ...  3,954 

Fusion  pig 

..    6,600 

— 

Do.    H.Oore         ...     232 

Tuyere  water  ... 

..     1,818 

— 

15JS32 


50,515 


5,914 


^  The  diviflions  of  the  calories  absorbed  are  corrected  by  adding  to  each  bead, 
the  percentage  of  difference  between  the  heat  calculated  to  be  produced  and  that 
absorbed. 

^  The  estimates  are  obtained  by  adopting  the  calories  evolved  by  combustion  of 
the  coke  as  a  basis  of  computation.  Thus  in  the  case  of  D  4,154  calories  represent 
the  value  of  a  unit  of  coke. 


Then  for  Class     1.       we  have 
Class    II.  „ 

Class  III.,  gases,    „ 


M 


» 


24,118  +  4,154  »    5*80  coke 
52318  +  4,154  «  12-72 
7,836  -I-  4,154  -    1*88 


Calories  in  blast 


20-40 
11,724  H-  4,154  -    2-82 


23*22 
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Tablb  IL — SMELTnra  Hbmatitb. 

O.                    H.                     L  K. 

Height  of  furnace 57               55               70  55 

Capacity,  cubic  feet 7,630          9,400          9,560  10,300 

Weekly  make  per  1,000  cubic  feet ...            57|             31               64}  38 


Coke  per  ton  of  iron,  cwts 

Limestone         do.        do.     ... 

Quality  of  iron,  No. 1 

Temperature  of  blast,  degrees  C.    ... 
Do.,  escaping  gas.                „      C... 
Units  of  C  as  CO  to  1  of  C  as  CO,... 

Sources  of  heat  per  nwit  of  coke- 
Combustion  of  coke  ... 
Contained  in  blast     

Total  calories      

Less  carried  off  in  gases      

Useful  equivalent  of  heat,  calories  ... 

ffetU  developed  and  heat  abeorbec 
Heat  devdoped  by  fuel,    induing 
heat  in  blast,  oslories 

Do.,  absorbed,  calories'         

Difference,    do.            

Calories           

Percentage  of  difference  reckoned  on 

absorption 
Calories  in  blast         

Slemente  of  dbeorption  correetec 

the  account — 

Class     I.  ^  Corrected  to  bring  up  1 

Class  IL  I  absorption     to     agree  I 

Class  III.  I  with  coke  alleged  to  be  ( 

in  gases.  ^               burnt.               1 

Calories          

VwU  of  coke  consumed  per  90  «« 

Class  III.,  in  gases 

Total  coke          

Heat  in  blast,  equivalent  value  in 
coke  as  burnt  with  hot  air 

Sum  of  ooke  and  equivalent  of  blast 
reckoned  as  coke           

24-43 

6-90 

Sessemer 

491 

301 

4-37 

2275 

8-25 

Forge  4-9 

454 

477 

313 

18-38 

4-86 

Bessemer 

622 

206 

2-04 

18-00 

8-12 

Forge  4. 

718 

248 

2-52 

3,011 
469 

3387 
463 

8,696 
517 

3,582 

en 

3,480 
442 

3,800 
606 

4,218 
319 

4^208 
288 

3,038           3,192 
I,  compared — 

85,039         86,472 

79,089         84,446 
5,950          2,026 

85,039         86.472 

7-53             2-40 
11,479         10,528 

{ to  cover  differences 

19,860         20,284 
53,576         62,017 

11,603         14,171 

85,039         86.472 

uts  ofirow— 

6-70            5-34 

15-40           13-68 

8*33             3-73 

3,894 

77,439 

71,661 
6,778 

77,439 

8-06 
9,496 

hetfoeen  tun 

16,401 
64,682 

6,366 

3,920 

76^665 

75,074 
591 

• 

75,665 

•79 
12»081 

^tidesof 

19,882 
61,198 

6,135 

77,439 

3-92 

12-96 

1-60 

76,665 

4-60 

12-18 

1*22 

24-43 
3-30 

22-75 
2-77 

18-38 
2-44 

18O0 
2-88 

27-73 

25*52 

20-82 

2088 

'  A  new  element  of  absorption  appears  in  G  and  I,  that  due  to  liquefMtioD  of 
combined  water  in  the  ore  which  is  brown  hematite.  The  heat  however  so  applied 
only  amounts  to  ^9  and  232  calories  respectively. 
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The  first  point  to  which  I  would  direct  attention,  is  the  causes 
which  appear  to  afPect  the  oxidation  of  the  carbon  of  the  coke.  As 
^already  explained  in  a  previous  section,  time  is  required  for  this  function, 
4uid  where  the  furnace  is  of  insufficient  capacity  and  height  it  is  more 
or  less  imperfectly  performed.  Thus  in  the  case  of  B,  a  famace  of 
-6,000  cubic  feet,  out  of  5*06  units  of  carbon  only  1  (==  19-74  per  cent.) 
is  conyerted  into  carbonic  acid:  whereas  with  0  of  a  furnace  of  1 1,500 
«ubic  feet,  the  carbon  as  carbonic  acid  amounts  to  80*48  per  cent,  of 
the  whole,  i.e.  1  unit  out  of  8*28. 

Although  I  have  occasionally  met  with  a  little  higher  oxidation 
than  that  set  forth  in  the  last  named  instance,  when  smelting  Cleveland 
^tone,  yet  the  Tables  themselves — ^as  well  as  many  other  analyses, 
besides  those  upon  which  the  Tables  have  been  constructed — ^justify 
the  belief  that  in  a  furnace  of  11,500  cubic  feet  this  operation  is  carried 
to  nearly  its  utmost  practical  limit,  at  least  when  grey  iron  is  the  object 
of  the  smelter.  In  no  case  have  I  found  83  per  cent,  of  carbon  in  the 
highest  state  of  oxidation.  In  one  of  the  Fenyhill  furnaces,  108  feet 
high,  and  containing  88,800  cubic  teet,  it  only  amounted  to  25*18  per 
oent. ;  and  in  the  example  F  in  Table  I.,  which  is  a  record  of  a  90  feet 
furnace  at  Ormesby,  containing  85,016  cubic  feet,  the  proportion  is 
30*48  per  cent 

The  same  Ormesby  furnace  however  afforded  at  another  time  one 
of  the  best  examples  I  have  met  with,  viz.  81*94  per  cent.,  but  this  was 
when  using  blast  of  88^  C.  (150^  F.)  lower  temperature  than  that 
mentioned  in  example  F. 

I  have  maintained,  on  many  occasions,  that  within  certain  limits, 
oapadty  of  furnace  and  temperature  of  the  blast  are  convertible  terms, 
the  same  advantages  being  derived  from  an  increase  in  either. 

The  advantage  of  space  is  exemplified  in  G  and  I,  both  smelting 
the  same  haematite  ore  in  South  Wales.  Here  G  is  only  20  per  cent. 
fflnaUer  than  I  yet  27  per  cent,  less  coke  is  required  for  the  same 
quantity  of  pig  iron  in  the  larger  furnace  than  in  the  smaller.  The 
result  is  that  we  have  a  larger  percentage  of  the  carbon  as  carbonic 
acid  in  I  than  in  0,  and  the  gases  are  much  better  cooled  in  the  former. 

Next  in  importance  to  a  high  state  of  oxidation  of  the  carbon  in 
the  gases,  comes  the  avoiding  of  waste  of  the  heat  so  obtained. 
Practically,  supposing  the  fiimace  to  be  in  good  working  order,  the 
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escaping  gases  are  the  only  souroe  of  loss  which  need  occupy  our  atten- 
tion in  this  respect.  The  same  observations,  made  with  regard  to 
oxidation  of  carbon  in  small  and  large  furnaces,  hold  good  in  respect 
to  the  item  jiist  mentioned.  In  the  former,  the  larger  volume  of  gas, 
consequent  upon  the  greater  consumption  of  coke,  has  not  the  time 
afforded  it  for  parting  with  its  heat  to  the  descending  train  of  cold 
material  introduced  at  the  top.  In  consequence  the  gases  escape  at  a 
higher  temperature:  besides  which  they  are  mnch  greater  in  point  of 
quantity.  These  two  circumstances  combined  give  rise  to  a  loss  or 
about  16  per  cent,  of  all  the  heat  evolved  in  a  furnace  of  69OOO  cable 
feet  (6  Table  I.)>  sb  against  9*9  and  9*2  per  cent,  respectively,  from 
those  of  11,500  cubic  feet  (C  and  D  Table  I.) 

An  example  of  high  temperature  of  blast  producing  the  same  effect 
as  increased  capacity  is  afforded  in  two  examples  in  Table  II.  Furnace 
E,  only  10  per  cent,  larger  than  H,  (both  being  of  moderate  size),  but 
blown  with  air  at  718°  C.  against  454°  C.  in  H,  loses  only  6'78  per 
cent,  of  its  heat  in  the  gases,  against  16*75  per  cent,  in  the  ftimace 
H  (Table  II.) 

I  have  to  remark,  in  reference  to  the  quantity  of  heat  carried  away 
in  the  escaping  gases,  that  my  own  observations  on  fiimaces  at  the 
Clarence  works,  ranging  Ifrom  11,500  to  25,500  cubic  feet,  have  induced 
me  to  consider  that  no  material  diminution  of  the  loss,  arising  from 
this  cause,  accompanied  any  increase  of  capacity  after  that  of  the 
11,500  cubic  feet;  the  height  in  each  case  being  80  feet.  This  opinioik 
was  confirmed  by  an  examination  of  a  fdmaoe  of  a  much  larger 
capacity,  having  a  height  of  108  feet. 

In  example  D,  Table  I.,  out  of  4,154  calories,  the  loss  by  the 
escaping  gases  amounted  to  369  calories,  equal  to  8*88  per  cent.  The 
more  recent  performance  of  an  Ormesby  furnace,  90  feet  high  with  a 
capacity  of  about  85,000  cubic  feet,  as  given  under  F  in  Table  I., 
shows  the  heat  in  the  escaping  gases  to  be  only  189  calories  out  of 
4,844,  equal  therefore  to  4*35  per  cent.* 

'  The  temperatures  of  the  escaping  gases  are  given  as  observed.  These  however 
include  the  heat  brought  in  by  hot  ironstone,  which,  from  a  series  of  observations 
was  equal  to  about  2,000  to  2,400  calories  per  20  units  of  iron.  This  in  a  foruace 
produci^  180  to  140  cwts.  of  gas  for  this  quantity  metal  would  be  equivalent  to 
64  to  6CrC,  which  ought  therefore  to  be  deducted  from  the  temperatures  given  to 
obtain.  In  the  computation  of  the  heat  carried  away  in  the  gases  an  aUowance  is. 
made  for  that  considered  as  brought  in  by  the  hot  ironstone. 
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I  am  not  quite  sore  that  a  part  of  this  last  mentioned  difference 
may  not  be  dae  to  differences  in  the  temperature  of  the  ironstone. 
Whether  this  be  so  or  not,  it  mnst  be  remembered  that  the  Ormesby 
ftimace  was  driring  so  slowly,  that  its  rateable  produce  was  only 
half  that  of  the  furnaces  to  which  my  observations  applied. 

The  general  tenor  of  these  remarks  on  this  large  furnace  at  Ormesby 
is,  I  admit,  inconsistent  with  my  belief,  that  raisiag  the  height  or 
increasing  the  capacity  of  a  furnace,  only  raised  the  zone  where  heat, 
generated  by  reduction,  was  produced.  The  difference  however  in  the 
resnlts,  between  one  furnace  and  another  of  three  times  the  size,  is  not 
a  large  one— only  4*7  per  cent,  reckoned  on  the  total  heat — so  that 
the  causes  just  alluded  to  may  partly  account  for  its  occurrence. 

I  now  come  to  the  much  debated  question  of  the  value  of  successive 
additions  to  the  temperature  of  the  blast;  and  for  greater  clearness  it 
will  be  assumed,  in  each  case,  that  we  are  dealing  with  furnaces  of 
such  dimensions  that  the  carbon  does  not  exhibit  any  striking  difference, 
in  point  of  oxidation. 

Unfortunately,  I  do  not  possess  any  data  from  which  I  can  compile 
the  performance  of  a  cold  blast  furnace  having  a  capacity  of  11,50(^ 
cubic  feet  or  more.  I  would  however  recall  the  fact,  mentioned  page  85, 
of  an  enlarged  cold  blast  furnace  producing  iron  with  the  same  weight 
of  fuel  per  ton  as  a  smaller  furnace  of  the  old  type,  blown  with  hot  air. 
We  will  therefore  assume  the  performance  in  respect  to  coke,  of  a 
furnace  such  as  0  in  Table  I.  (11,500  cubic  feet),  if  blown  with  air  at 
0^  C,  to  resemble  that  of  the  small  furnace  B  (6,000  cubic  feet). 
Table  I.,  when  blown  with  air  at  485°  C. — say  28*92  cwts.  of  coke  per 
ton  of  iron. 


Examples  of  the  eff^t  on  oonsnmption  ofeoke  hy  raiHng  ike  temperature  of  the 

blaetfrom  (f  to  819°  C. 


Tamperature. 
•0. 


t^Dudl  furnace,  coke  for  20  unite  of  iron, 
48  feet  high,  6,000  cubic  feet 

Larg^  furnace,  coke  for  20  units  of  iron, 
80  feet  high,  11.500  cubic  feet 

Large  furnace,  coke  for  20  units  of  iron, 
80  feet  high,  35,016  cubic  fc*et 


OImbL 

OImbII. 

16*49 

18-07 

9*70 

14-58 

970 

14-58 

7-47 

12-65 

5*80 

12-72 

819 


678 


12  03 


ClMBlII.     Tbtel 
GMea.    UnlUOoke. 


10-44 
4*69 
4-69 
2-20 
1-88 


45-00 
28-92 
28-92 
22*32 
20-40 


•88        19*69 
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In  all  these  cases^  where  heated  air  is  used,  the  data  are  taken  from 
actual  experience  in  smelting  Cleveland  stone.  In  those  of  cold  blast 
the  estimate  is  also  founded  on  using  the  same  quality  of  ore. 

From  these  numbers  the  savijig  of  coke,  at  each  increment  of 
temperature  in  the  blast,  appears  to  be  as  follows : — ^ 

Clanl.    daMlL    CImbUL      TolaL 


Cwtfc  Owto.  ^g;^  Cwto. 
Small  furnaces,  blast  nused  from 

0°  to  485°  C.  (32°  to  906** P.)  ...  679  3-64  676  16-08 
Large  furnaces,  raising  blast  from 

OP  to  485°  (32°  to  905°  P.)  ...        2-23        1-88        2'4B         6-60 

Large  furnaces,  raising  blast  from 

485°  to  563°  (906°  to  1,045°  P.)...        1*67      —-07  -82  1-92 

Large  furnaces,  raising  blast  from 

663°to819°(l,045°tol,506°P.)...      —'98  "69        1-00  71 

These  figures  are  not  given  under  the  idea  that  they  accurately 
set  forth  the  saving  of  coke  due  to  the  different  additions  to  the  tem- 
perature of  the  blast.  To  do  this  it  would  be  necessary  that  the  furnaces 
in  all  respects  were  working  under  precisely  the  same  conditions.  All 
the  figures  are  meant  to  convey  is  that  the  saving,  large  as  it  is  with 
the  first  additions  of  heat  in  the  blast,  falls  off  afterwards  very  rapidly 
in  its  amount. 

It  will  be  noted  that  the  saving  in  coke  is  by  far  the  largest  at  the 
first  raising  of  the  temperature  of  the  blast.  This,  it  is  almost  needless 
to  remark,  does  not  arise  from 'any  difference  in  the  value  of  a  given 
amount  of  heat  contained  in  air  between  0°  C.  and  400°  0.,  and  the 
same  amount  contained  in  air  b^ween  400°  0.  and  800°  0.,  or  any 
other  numbers.  The  real  cause  is  due,  partly  to  differences  in  the 
quantity  of  work  to  be  performed,  and  partly  to  a  difference  in  the 
nature  of  the  combustion  of  the  fuel,  the  heat  from  which  has  to  be 
replaced  by  heat  contained  in  the  blast. 

As  r^ards  the  relative  quantity  of  work  to  be  performed,  we  have 
,  only  to  inspect  the  Tables  already  given,  to  perceive,  that  out  of  122,000 

calories,  in  the  case  of  A,  78,020  are  accounted  for  under  the  heads  of 
Glass  I.,  and  Class  III.  or  in  escaping  gases.  This  large  expenditure  of 
heat,  as  has  been  already  mentioned,  is  due  to  the  excessive  quantity  of 
flux  required,  and  to  the  large  volume  of  highly  heated  gases  which 

I  *  Minus  sign  means  increase. 
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«8cape.  With  hot  blast  having  a  temperature  of  485^  C,  in  a  furnace 
of  the  same  size  (B^  Table  I. — 6,000  cubic  feet),  the  absorption  from 
these  two  causes  has  fallen  to  51,763  calories.  After  this,  absorption 
under  Class  I.  and  escaping  gases  instead  of  falling  proportionately 
-with  further  increments  in  the  temperature  of  the  blast,  only  shows  a 
little  above  half  the  saving  affected  by  the  first  additional  heat  com- 
municated to  the  air.  Thus  between  0^  and  485^,  the  absorption  under 
these  two  heads  was  reduced,  in  small  furnaces  (A  and  B  6,000  cubic 
feet)  by  21,857  calories,  whereas  between  485^  0.  and  819^  C,  in 
^enlarged  famaces  (C  and  F),  the  difference  was  ascertained  to  be  under 
7,300  calories.  Thus  while  each  degree  (Centigrade)  in  the  blast  has 
jsaved  43  calories  in  the  first  case  the  saving  in  the  second  only  amounts 
to  22  calories  per  degree  of  temperature. 

The  economy  observed  in  the  escaping  gases  in  C,  D,  E  and  F  is, 
to  some  extent,  due  to  the  reduced  quantity  of  coke  burnt,  giving  a 
diminished  volume  of  gases  leaving  the  furnace;  but  it  is  also  due,  in 
«ome  degree,  to  their  reduced  temperature,  arising  from  enlarged 
•capacity  of  the  structure. 

The  manner  in  which  the  nature  of  the  combustion,  i,e.  the  degree  of 
oxidation  of  the  carbon,  affects  the  amount  of  economy  of  fuel  has  been 
already  sufficiently  explained  to  need  much  further  notice. 

Practically  the  furnace  gases  may  by  their  combustion  be  regarded 
as  the  ordinary  means  of  heating  the  blast.  At  page  143  it  was 
•estimated  that  out  of  72,454  calories  obtained  in  this  way  there  was  a 
waste  of  45  per  cent.:  henoe  the  last  1,000  calories  in  the  air  required 
the  expenditure  of  1,818  calories  in  the  hot  air  stoves  containing 
metal  pipes.  The  loss  in  fire  brick  stoves  is  stated  to  be  only  about 
half  this  amount,  in  which  case  an  expenditure  of  something  like  1,350 
calories  will  afford  1,000  calories  in  the  air. 

These  figures,  obviously  have  no  reference  to  the  money  economy 
attending  the  use  of  hot  air;  because  the  coal,  and  latterly  the  escaping 
gases,  required  to  heat  the  blast,  were  of  little,  indeed  in  some  cases  of 
no,  value. 

It  is,  in  our  present  state  of  knowledge,  a  very  easy  matter  to 
•calculate,  with  a  fair  approach  to  correctness,  the  quantity  of  coke 
required  to  produce  a  given  number  of  calories,  when  burnt  with  air 
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at  a  given  temperature.  Let  us  select  the  most  favonrable  case  in  tlie 
Table  for  the  purpose  of  illustration:  viz.  D»  where  84,772  calmer 
sufficed  to  produce  20  units  of  pig  iron. 

For  the  purpose  of  calculation,  it  is  •indispensable  that  we  should 
know  before-hand,  what  proportion  of  the  carbon  in  the  gases  is  found 
in  the  form  of  carbonic  acid.  If  we  take  it  at  2*10  as  CO  to  I  as  COt,. 
the  heat  evolved  will  be: — 

210  X  2,400  +  1  y  8,000       ^  oa^j   i       ^i  \    *      •         •*.  «c»i 
Q  - —  «  4,206,  less  7i  per  cent  for  impunty  -  Zja&l 

calories  per  unit  of  coke. 

To  obtain  the  he^t  required  in  the  blast,  when  using  different 
weights  of  coke,  the  following  figures  are  given: — 

calories.  Calories.      Calorim. 

18  units  of  coke  x  8391  -  70,038,  leaving  for  blast  14,734  «  84,772 
17       -  „  X  8391  -  66,147,        „  „       18,625  -  84,772 

16  „  X  3391  -  62,256,        „  „       22,516  -  84,772 

Now  to  bm-n  these  respective  quantities  of  coke,  supposing  9*38 
units  of  limestone  to  be  used,  as  was  done  in  the  case  of  D,  we  should 
require  as  under: — 

•0.  •F. 

For  18  units  of  coke,  78,91  units  of  air  hanng  a  temperature  of   788  »  1,460 
„    17  „  7137  ,.  „  1,096  -  2,008 

»    16  „  6630  „  „  1,455  -  2,661 

Judging  by  past  experience,  with  biick  stoves  provided  for  super- 
heating the  air,  the  first  of  the  three  examples  alone  can  enter  into  our 
calculation;  for  it  would,  I  apprehend,  be  practically  impossible  to 
heat  the  blast  continuously  to  1,095°  C. 

In  such  a  calculation,  all  depends  on  the  possibility  of  maintamiiig 
the  carbon  at  the  degree  of  oxidation  supposed,  i,e.  1  out  of  eyeij 
3*1  units,  equal  to  82*26  per  cent,  as  carbonic  add;  which  in  my 
experience,  is  quite  exceptional  at  all  events  in  furnaces  using  coke. 

We  are  thus,  after  all,  constrained  to  consider  what  has  been 
effected  in  practice.    Now  at  the  Ormesby  furnaces,  certain  detafls  of 
which  ate  given  at  page  108  of  this  work,  19'69  cwts.  of  ooke  was 
named  in  1881,  as  the  then  rate  of  consumption  in  a  fumaoe  of  S5,01& 
cubic  feet,  driven  with  air  ranging  from  786°  to  819°  C.    In  1882 
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this  had  not  only  been  maintained^  but  Mr.  Cochrane,  the  senior 
partner  in  .the  concern,  mentioned  at  the  meeting  of  the  Institution  of 
Mechanical  Engineers  in  Leeds  that  the  coke  had  been  reduced  to 
18'70,  which  the  above  calculation  shows  to  be  possible,^ 

No  one  can  dispute  the  proposition,  that  each  addition  to  the 
calories  contained  in  the  blast,  must  place  at  the  disposal  of  the  smelter 
a  corresponding  increase  of  heat.  Failure  to  render  this  heat  avail- 
able may  however  arise  from  an  undue  quantity  being  carried  away 
out  of  the  throat  of  the  furnace  in  the  gases  or  from  the  carbon,  by  its 
comparative  imperfect  oxidation,  not  affording  the  heat  it  is  capable  of 
developing. 

At  page  112  of  this  work,  in  the  absence  of  any  information  as  to 
the  interior  condition  of  one  of  the  Oimesby  furnaces  (E,  Table  I.),  I 
hazarded  the  opinion  that  possibly  the  very  high  temperature  of  the 
blast,  by  elevating  the  temperature  of  the  reducing  zone  of  the  furnace, 
caused  carbonic  add  to  act  on  carbon,  and  thus  to  be  lowered  to  the 
condition  of  carbonic  oxide.  Mr.  Cochrane,  in  his  paper,  mentions  the 
discovery  of  scaffoldings  in  the  furnace  in  question;  which  no  doubt 
would  produce  the  same  effect  as  that  just  named,  although  in  a  some- 
what different  way,  viz.,  by  allowing  part  of  the  reducing  gas  to  escape 
before  it  had  taken  up  the  full  equivalent  of  oxygen  it  is  capable  of 
separating  from  the  ore. 

The  figures  abeady  given  indicate  quite  clearly  the  deficiency  of 
carbonic  acid;  and  whatever  may  be  the  immediate  cause  of  this,  the 
practical  result  is  the  same,  viz.,  a  waste  of  fuel,  due  to  its  imperfect 
oxidation. 

If  Mr.  Cochrane's  hypothesis  be  the  correct  one,  it  follows,  either 
that  the  particular  shape  of  these  furnaces,  or  the  fact  of  their  being 
blown  with  superheated  air,  has  rendered  the  formation  of  scaffolds  an 
evil  of  a  very  persistent  kind.  This  is  inferred  from  the  fact  that  in 
Mr.  Cochrane's  communications  respecting  their  performance,  extend- 
ing over  10  or  12  years,  furnaces  of  20,642  cubic  feet  never  appear 
to  have  done  as  well  as  many  other  furnaces,  even  of  much  smaller 
dimensions  and  blown  with  air  at  only  500""  C.  (982°  ¥,) 

'  It  must  be  remembered  however  that  the  prodace,  per  1,000  cubic  feet  of  furnace 
^PBce,  WHS  only  half  that  of  the  general  run  of  furnaces  making  Cleveland  iron. 
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One  example  of  the  co-efficient  of  nsefdl  heat  at  a  ftirnace  of  90 
feet  has  abeady  been  given  at  F  in  Table  I.  ObBervations  of  the  nme 
f omace  on  another  occasion  gave  a  somewhat  snperior  figore,  although 
the  temperature  of  the  blast  was  somewhat  lower — ^736^  C.  instead 
of  819°  C.  The  details  founded  on  an  analysis  made  at  the  Clarence 
Works  were  as  follows,  per  unit  of  fuel  consumed: — 

CUoriflB. 
Heat  due  to  combustion  of  coke        ...    3,687 
Do.  contained  in  blast  765 


4,892 

Less  in  escaping  gases Ill 


4,281  calories  per  unit  of  coke. 


In  this  case,  however,  I  suspect  that  the  temperature  of  the 
escaping  gases  was  not  a  correct  average;  for  notwithstanding  that  the 
total  heat  produced  was  superior  to  the  example  given  in  the  caUe — 
4,392  instead  of  4,844 — the  consumption  of  coke  per  ton  of  iron  whs 
more,  viz.,  20*08  cwts.  instead  of  19*69,  as  shown  by  the  charging* 
lK)ok  account. 

In  both  cases  the  results  in  point  of  consumption  of  ftael  may  be 
regarded  as  satis&ctory;  but  there  is  the  inconvenience,  already 
alluded  to,  quantum  valeat,  of  the  make  being  only  half  that  of  .the 
furnaces  with  which  it  has  been  compared.  This,  however,  is  perfaapB^ 
not  a  serious  matter,  as  Mr.  Cochrane  justly  observed  in  the  diacnasion  on 
his  paper  at  Leeds;  for  any  such  loss  amounts  to  little  more  than  the 
interest  on  the  extra  cost  of  the  furnace  itself.  Supposing  the 
additional  outlay  to  involve  £800  a  year  for  this  item,  the  saving  of 
1  cwt.  of  coke  per  ton  of  iron  on  80,000  tons  per  annum  would,  if  it 
can  be  maintained,  far  more  than  cover  it. 

We  must  not  however  lose  sight  of  the  danger  of  attaching  too 
much  importance  to  the  performance  of  a  few  individual  cases.  I 
have  given  20*4  cwts.  as  the  consumption  of  coke  in  a  furnace  of  11,^ 
cubic  feet,  blown  with  air  at  578°  C.  This  is  one  of  those  at  darenoe 
(D,  Table  I.);  but  22  cwts.  or  even  more  is  nearer  the  average  con- 
sumption of  the  entire  establishment.  Again,  I  have  quoted  the  case 
of  a  hematite  furnace  of  9,950  cubic  feet,  blown  with  air  at  522°  C* 
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(I,  Table  II.)  and  making  Bessemer  pig  with  as  little  as  18*38  cwts.  of 
coke;  bat  eyery  one  knows  perfectly  well  that  20  to  21  cwts.  is  nearer 
the  average  consumption  of  fomaces  producing  this  quality  of  metal 
from  hematite  ores,  even  in  furnaces  of  like  dimensions  to  that  in 
question. 

What  after  all  we  have  to  deal  with  is  actual  experience,  acquired 
at  furnaces  generally.  Guided  by  this,  my  belief  is  that  up  to  this 
time,  the  application  of  superheated  air  to  furnaces  under  25,000  cubic 
feet  at  all  events,  has  not  been  attended  with  any  very  marked  economy 
in  coke,  when  smelting  the  usual  run  of  clay  ironstones. 

As  has  been  akeady  remarked,  when  viewed  as  a  mere  question  of 
heat  development,  each  calorie  delivered  along  with  the  blast,  into  a 
furnace,  «n  tvhieh  the  limestone,  and  the  loss  in  the  escaping  gases,  have 
been  reduced  to  their  lowest  quantities,  ought  unquestionably,  other 
circumstances  being  the  same,  to  save  one  calorie  previously  supplied 
by  the  fuel.  Parenthetically  it  may  be  observed  that  stress  is  here 
laid  on  these  two  items;  because,  as  will  be  seen  on  reference  to  the 
tables  contained  in  the  present  section,  the  use  of  hot  blast  in  small 
furnaces  led  to  a  considerable  diminution  in  both.  In  such  a  case 
these  changes  were  regarded  as  having  resulted  in  a  better  oxidation  of 
the  gases,  and  having  consequently  raised  the  heating  power  derived 
from  the  combustion  of  the  carbon  from  2,711  to  8,087  calories.  At 
the  same  time  104,012  calories  in  the  furnace  were  enabled  to  do  the 
work  of  122,000.^  These  104,012  calories  consisted  of  89,288  fur- 
nished by  the  fuel,  and  14,724  contributed  by  the  blast.  We  thus 
have,  in  the  case  of  cold  blast,  a  requirement  of  122,000  calories,  to 
the  production  of  which  the  more  expensive  fuel  consumed  in  the 
furnace  itself  was  devoted.  On  the  other  hand,  out  of  the  104,012 
calories  developed  in  the  hot  blast  furnace,  89,288  only  were  due  to 
the  coke  and  14,724  to  the  blast.  By  this  account  it  appears  that 
82,712  calories  obtained  by  burning  coke — the  difference  between 
122,000  and  89,288 — ^have  been  replaced  by  the  application  of  14,724 
calories  contained  in  the  blast;  so  that  by  means  of  an  alteration  in  the 
heat  required  for  the  elements  of  absorption  under  Class  I.,  by  the 
better  oxidation  of  the  carbon,  and  by  the  reduced  loss  attending 

'  Vide  Table  I.,  A  and  B. 
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the  dimioiBhed  volame  and  temperature  of  the  escaping  gases,  a  saving 
of  (32,732  —  14,724)  =  18,008  calories  has  been  eflfected.  In  this  way 
each  calorie  in  the  blast  has  been  enabled  to  render  the  same  s^rioe 
as  2*22  calories  contributed  by  the  coke  which  it  has  displaced. 

Returning  to  the  question  before  us,  anterior  to  this  short  diversioD, 
it  would  appear,  so  far  as  I  have  been  able  to  learn,  that  the  experience 
of  Bessemer-iron  makers  corresponds  with  what  has  been  laid  down,  as 
being  that  of  smelters  of  Cleveland  and  other  clay  ironstones. 

Soon  after  the  meeting  at  Leeds  above  referred  to,  I  visited  some 
of  the  principal  works  engaged  in  smelting  hematite  ores  for  steel 
making,  on  the  West  Coast  of  England.  At  the  furnaces  there  they 
were  all  using  pretty  much  the  same  quality  of  ore,  and  the  same 
quantity  of  limestone,  and  all  were  producing  nearly  the  same  descrip- 
tion of  iron  for  Bessemer  steel.  From  the  experience  supplied  by  the 
performance  of  furnaces  having  a  height  of  70  feet,  it  appears  that  the 
results  as  to  consumption  were  practically  the  same  with  the  two  kinds 
of  hot  air  apparatus,  viz.,  pipe  stoves  and  fire  brick  stoves.  With  the 
blast  heated  in  metal  pipes,  the  coke  used  was  20*43  cwts.,  against 
20*36  cwts.  for  fire-brick  stoves.  It  has  to  be  observed,  however,  that 
the  difference  between  the  temperature  of  the  blast  was  only  given  at 
about  130^  F.  in  favour  of  the  brick  stoves;  and  also  that  the  make  was 
higher — in  one  case  by  16  per  cent. — from  furnaces  using  fire-bridt 
stoves  and  blast  at  the  higher  temperature  than  from  those  using  pipe 
stoves,  and  air  at  about  1,000°  F.  This,  it  need  hardly  be  said,  is  of 
itself  an  important  advantage  on  the  side  of  the  fire-brick  stoves. 

With  regard  to  the  small  difference  between  the  temperatnre  of  air 
received  from  the  two  kinds  of  stoves,  as  observed  on  these  particular 
furnaces,  I  have  been  informed  that  fire-brick  stoves  are  apt  to  fall  back 
after  some  years  use,  in  the  temperature  at  which  they  deliver  the  air. 
Whether  this  arises  from  the  difficulty  of  removing  the  coating  deposited 
by  the  furnace  gases  used  as  fuel,  or  from  a  want  of  care  in  working  I 
Am  unable  to  say.  The  metal  pipes  in  hot  air  stoves,  of  the  old  kind, 
Are  liable  to  the  same  inconvenience;  but,  as  they  are  more  accessible, 
and  do  not  present  above  one-fourth  the  surface  to  be  cleaned,  it  is  one 
of  much  less  magnitude.  I  would  however  point  out,  in  reference  to 
the  performance  of  the  furnaces  in  question,  that  the  saving  in  coke  does 
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not  quite  correspond  with  even  the  small  difference  in  the  temperatures 
of  the  blast,  viz.,  180°  F.;  the  saving  being  still  something  below  what 
it  ooght  to  be. 

The  weight  of  blast  per  20  nnits  of  pig  wonld  be  about  88  units 
which  heated  to  ISO""  P.  (72*^  C.)  ought  to  give  88  units  X  '237  (sp. 
heat)  X  72°  G.  =  1,498  calories.  This  number,  taking  4,000  calories 
as  the  heat  evolyed  per  unit  of  coke,  will  represent  ^J  J  =  -375  cwts.; 
whereas  the  saving  only  appeared  to  be  -07  cwts. 

At  a  pair  of  furnaces  on  the  East  Coast  of  England,  also  making 
Bessemer  iron,  from  Spanish  ore,  the  average  consumption  of  coke  is 
abont  20*5  cwts.  Their  dimensions  are  60  feet  high,  with  a  capacity 
of  11,650  cubic  feet.  They  are  supplied  with  blast  heated  in  firebrick 
stoves  to  1,150°  P.  (621°  C.) 

The  necessity  of  caution  in  forming  any  opinion  on  the  matters 
under  consideration,  save  that  acquired  by  actual  experience,  is  con- 
firmed by  the  information  I  have  received  from  friends  in  South 
Wales. 

The  duty  of  Example  I.,  Table  II.,  is  that  of  a  furnace  making  a 
fair  proportion  of  Bessemer  iron  in  the  Principality.  It  is  70  feet  high, 
with  a  capacity  of  9,550  cubic  feet,  and  its  consumption  is  given  at 
18-38  cwts.  of  coke  per  ton  of  iron,  blown  with  air 'heated  in  metal 
pipM,  to  972°  F.  (522°  C.) 

At  a  recent  meeting  of  the  South  Wales  Engineers,  Mr.  E.  P.  Martin, 
now  of  Dowlais  and  until  recently  of  Blsenavon,  gave  the  consumption 
of  coke  at  No.  9  furnace,  using  fire-brick  stoves,  at  the  latter  place  at 
18'59  cwts.  I  learn  from  another  source  that  the  temperature  of  the 
Mast  is  1,600°  F.  (871°  C),  and  that  the  consumption  of  coke  is  now 
less  than  the  figure  named  by  Mr.  Martin.  The  ores  in  use  are  pretty 
nearly  the  same  in  each  case  at  the  two  works  (I,  Table  II.  and 
Bkenavon);  and  assuming  the  quantity  of  coke  consumed  also  to  be 
the  same,  we  have  merely  to  consider  the  difference  in  the  quantity  of 
heat  in  the  blast  at  the  temperatures  of  each. 

The  difference  amounts  to  849°  C,  and  taking  the  weight  of  air 
used  at  77  units  per  20  of  iron  we  have: — 

77  blast  X  -237  (sp.  beat)  x  349^  C.  -  6,369  calories. 
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Now  the  net  eqnivalent  of  the  fuel  in  the  case  of  I,  Table  IL, 
was  8,894  calories  per  unit  of  coke;  so  that  according  to  this 
calculation,  the  work  performed  by  the  fomace  using  saperheated 
air  represents  a  loss  in  heat,  as  compared  with  example  I  with  its 
metal  pipe  stoyes,  equal  to  6,869  -^  3,894  =  1*68  cwts.  of  coke  per 
ton  of  iron. 

This  must  be  due  to  the  less  perfect  oxidation  of  Inel;  but  whether 
this  is  owing  to  the  difference  in  height — the  furnace  I  being  70  ieet 
and  that  at  Btenayon  60  feet— or  some  other  cause,  I  am  unable  to 
say.  In  the  matter  of  capacity  the  Blsenayon  furnace,  however,  is 
the  larger  of  the  two. 

From  another  work  in  South  Wales  I  am  informed  that  air  at 
1,500^  does  its  work  with  10  per  cent,  less  fhel  than  air  at  1,000°  in 
furnaces  of  the  same  size.  The  difference  here  is  500°  (278°  C.)  and 
the  weight  of  blast  was  about  100  units  per  20  of  iron.  We  have 
therefore : — 

100  units  X  -237  (sp.  heat)  x  278^  C.  -  6,588  calories. 

The  net  useful  effect  of  the  coke  used,  which  is  of  second-rate 
quality,  may  be  taken  at  3,400  calories;  and  ff^^  =  1'94  units  of 
coke,  which  closely  corresponds  with  the  saving  stated  to  result  from 
the  use  of  the  more  highly  heated  air. 

A  second  furnace  at  the  same  establishment  is  making  No.  4  iron 
from  hematite,  chiefly  Spanish,  yielding  56*4  per  cent,  metallic  iron 
with  a  consumption  of  4*64  cwts.  of  limestone.  The  coke  required  is 
21-19  cwts.,  burnt  with  air  at  1,500°  (815°  C),  for  "tinplate"  pig, 
average  No.  4.  Having  regard  to  the  richness  of  the  ore  and  the  small 
quantity  of  limestone,  this  is  by  no  means  an  unusually  low  rate  of 
consumption  for  a  furnace  receiving  blast  even  at  only  500°  C.  I  am 
however,  not  in  a  position  to  form  an  opinion  as  to  the  cause.  The 
furnaces  at  the  work  in  question  have  a  capacity  of  9,722  cubic  feet,  with 
a  height  of  60  feet.  Whether  the  height  or  the  difference  in  the  qaalitj 
of  the  fuel  has  produced  so  much  less  favourable  results  than  those 
given  in  I,  Table  II.,  I  am  unable  to  say. 
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Betnms  from  another  work  in  Wales  exhibit  the  following  results 
in  making  Bessemer  iron : — 

Make  per  Cwte. 

Cubic  Feet.     ouWcFeet.                               mT         P«Toii.  "'^J*"' 

Tons.  Ton  Iron. 

■a            8^693            644            Iron.             900        21*67  44'55 

6           9,401            72i      Fire-brick.      1,300        20-69  42*66 

■c            10,543            64f                „            1,450        20*11  46*87 


ATerageofiftndc     9,972  634  „  1^76        20*36        44*76 

It  will  be  observed  that  the  two  furnaces  using  superheated  air, 
supplied  by  fire-brick  stoves,  are  considerably  larger  than  the  furnace 
irhere  the  blast  is  heated  in  pipes.  In  one  case  also  the  ore  smelted  in 
the  former  was  richer.  Taking  the  average  of  the  two  furnaces,  b  and 
-e,  fed  with  superheated  air,  the  saving  of  coke  as  compared  with  a  is 
1*32  cwts. :  so  that  making  allowance  for  the  extra  capacity  of  ^  and  c, 
one  cwt.  of  coke  is  probably  something  like  the  saving  obtained  by 
raising  the  temperature  of  the  air  475^  F.  above  that  supplied  to  a. 

It  is  scarcely  necessary  to  pursue  the  subject  at  any  greater  length. 
The  facts  and  figures  clearly  prove  that  there  are  many  disturbing 
causes  which  interfere  greatly  with  the  action  of  blast  furnace  work. 
These  render  it  impossible  for  any  one  to  speak  unhesitatingly  on  the 
<]ue8tions  involved  in  such  comparisons  as  are  contained  in  the  present 
section,  unless  he  has  the  means,  under  his  own  control,  of  carefully 
'and  continuously  studying  the  action  of  the  furnaces  themselves. 

Of  this  I  think  I  may  speak  with  some  confidence,  viz.,  that  the 
•question  is  capable  of  being  considered  on  the  plain  and  simple  lines  I 
have  laid  down,  by  any  one  who  will  give  himself  the  trouble  of  pursuing 
it.  Some  misconception,  I  take  it,  has  arisen  from  neglecting  a  proper 
appreciation  of  the  circumstances  of  particular  cases.  Superheated  air 
is  often  applied  to  furnaces  worn  out  themselves,  and  blown  with  air 
insufficiently  heated  by  dilapidated  metal  pipe  stoves.  Of  course  the 
change  is  accompanied  by  a  great  economy  of  fuel,  sometimes  stated  to 
be  five  cwts.  on  the  ton  of  iron. 

The  fact  may  be  accepted  as  perfectly  true;  but  if  it  is  pretended 
that  this  weight  of  coke  represents  the  difference  between  the  perform- 
ance of  a  furnace,  in  good  condition  and  carefully  attended  to,  blown 
with  air  at  1,000^;  and  that  of  >a  similar  furnace  blown  with  air  at 
1,500°,  such  an  interpretation  is  a  complete  and  obvious  &llacy. 
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I  wonld  repeat  that,  in  fdmaces  of  sufficient  capacity y  the  oxidation 
of  the  fael  and  loss  of  heat  in  the  escaping  gases  are  mainly  if  not 
entirely  independent  of  the  temperature  of  the  air.  The  heat  necessary 
for  the  process  is  sufficiently  understood,  so  that  no  difficulty  need  arise 
in  connection  with  its  correct  estimation.  Admitting  these  two 
premises,  it  is,  I  would  submit,  quite  idle  to  imagine  that  the  economy 
resulting  from  the  use  of  superheated  air  can  exceed  in  value  the  co- 
efficient  of  coke  when  properly  burnt. 

If  the  combustion  of  the  fuel  is  such  that  the  volume  of  carbonic 
oxide  is  as  100  to  50  of  carbonic  acid,  the  values  of  two  units  of  coke 
containing  10  per  cent,  of  impurity,  when  using  air  at  such  temperatures, 
that  in  the  one  case  we  have  560  calories,  and  in  the  other  860  calories^ 
in  the  blast  per  unit  of  coke  burnt,  is  as  follows: — 

Oslories  erolrad  per  Unit  of  Coke  bunit 
A.  C. 

Combustion  of  coke 3,840        ...        33^0 

Contribated  by  the  blast      - 560        ...  860 

4,400         ...         4,700 


showing  an  increase  of  heating  power  of  6*82  per  cent,  in  C. 

If  on  the  other  hand  there  are  d5  volumes  of  carbonic  acid  per  100 
of  carbonic  oxide  in  the  gases,  we  have: — 


B. 

D. 

Combustion  of  coke 

...       3,722 

3,722 

Contributed  by  the  blast 

660 

860 

4,282         ...        4,582 


or  an  increase  of  heating  power  equal  to  7  per  cent,  in  D. 

The  blast  in  these  two  sets  examples  A  B  and  C  D,  may  be  taken  at 
540°  C.  (1,004°  F.)  and  870°  C.  (1,598°  F.),  respectively. 

Beginning  with  a  consumption  of  21  cwts.,  as  a  starting  point  in 
the  case  of  A,  we  have  the  following  results  per  ton  of  iron: — 

Air  at  540*  C.  Air  at  870*  C. 

Owts.  Cwtft.  CvtB. 

Carbon  oxidised  as  in  A  ...    21-00      ...       as  in  C   ...    lS-66— sarin^  1-34 
Do.  B  ...   21-68      ...         „     D  ...    20-17—    „      141 
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These  fignres  contain  an  instance  of  the  fael  in  an  inferior  condition 
of  oxidation^  having  the  defect  more  than  compensated  for  by  the 
«nperior  amount  of  heat  in  the  air — see  A  and  D. 

An  obvious  question  will  suggest  itself  to  the  furnace  manager,  in 
•connection  with  the  figures  made  use  of  in  the  present  section^  viz., 
their  practical  bearing  on  the  quantity  of  coke  required  to  make  a  ton 
of  pig  iron. 

It  is  clear  that  the  answer  is  dependent  upon  a  gi*eat  variety  of 
•conditions,  the  whole  of  which'  must  be  clearly  understood  and  accu- 
rately stated.  These  conditions  are  comprised  under  two  heads : — ^first, 
the  quality  of  the  ftiel  and  the  manner  in  which  it  is  burnt;  and 
second,  the  amount  of  heat  required  to  produce  the  iron  manu&ctured 
at  any  particular  furnace. 

For  our  present  purpose  it  will  be  assumed  that  the  plant  is  one 
of  the  modern  type  now  commonly  used  in  the  Cleveland  district : 
the  fhel  employed  is  good  Durham  coke  containing  6  per  cent,  of  ash 
and  1|  per  cent,  of  other  foreign  matter,  free  from  any  combined 
oxygen,  and  burnt  to  two  different  conditions  of  oxidation,  by  air 
at  two  different  temperatures,  viz.,  485°  C.  and  800°  C.  (906°  and 
1,472°  P.) 

Bhut  having  a  temperature  qf4S6>'  C, — 
a  Gases  containing  46'45  vols.  CO,  per  100  vols.  CO.^  Calories  from 

coke  3,889,  calories  in  blast  629.    Heat  evolved  per  cwt.  of  coke    4,868 
i   Gases  containing  47*62  vols.  CO,  per  100  vols.  CO.*   Calories  from 

coke  3390,  calories  in  blast  529.    Heat  evolved  per  cwt.  of  coke    4^419 

Bloat  having  a  temperature  ofSQCf  C, — 
c   Gases  containing  45*45  vols.  CO,  per  100  vols.  C0.>    Calories  from 

coke  8,889,  calories  in  blast  872.    Heat  evolved  per  cwt.  of  coke    4,711 
d  Gases  containing  47*62  vols.  CO,  per  100  vols.  CO.*    Calories  from 

coke  3,890,  calories  in  blast  872.     Heat  evolved  per  cwt.  of  coke    4,762 

In  estimating  the  heat  required,  the  factors  given  at  page  95,  for 
smelting  Cleveland  iron,  wiU  be  adhered  to.    They  are  based  on  a 

'  By  weight  this  is  equi\'alent  to  1  of  carbon  as  carbonic  acid  to  2*2  as  carbonic 
«xide. 

*  67  weight  this  is  equivalent  to  1  of  carbon  as  carbonic  acid  to  2*1  as  carbonic 
oxide. 
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consnmption  of  11  cwts.  of  limestone  per  ton  of  pig  iron,  accompanied 
by  a  production  of  27*92  cwts.  of  slag.  These  conditions  bronght  out 
the  various  elements  of  absorption  ,to  87,000  calories.  On  referriog 
however  to  Table  I.,  p.  244,  it  will  be  seen,  on  comparing  the  heat 
required  with  the  heat  evolved,  that  the  former  is  deficient  in  quaotit j 
by  about  3  per  cent.  This  may  be  dne  to  trifling  errors  in  the  factors 
made  use  of,  or  there  may  be  an  absorption  of  heat  in  vaporizing  the 
earthy  matters  carried  off  in  the  escaping  gases.  To  cover  this 
difference  2,600  calories  are  added,  making  the  total  requirement 
89,000  calories. 

With  the  elements  for  calculation  just  stated,  we  have  the  foUowing 
weights  of  coke  needed  for  each  ton  of  pig  iron: — 

Owta.Cok». 
a,  46-46  Vols.  CO,,  100  Vols.  CO.    Blast  485°  C,    ...     ^^-20-51 

QQ  fiAA 

*,        do.  do.  do.         800^  C,    ...     ^^^  -  a«8 

4,419 

e,  47-62  Vols.  CO.,  100  VoU.  CO.    Blait  486*  C,    ...     ^^  -  19H» 
'  ■  4,711 

rf,        do.  do.  do.         800*  C,    ...     ^^  -  18-82 

In  all  these  cases  the  quality  of  the  iron  is  considered  to  be  between 
No.  8  and  No.  4,  say  an  average  of  No.  3*25.  In  each  instance  it  i8» 
of  course,  assumed  that  the  supposed  conditions  are  maintained  con- 
stant ;  but  every  furnace  manager  knows  that  this  is  impoasible.  The 
air  varies  in  the  amount  of  moisture  it  contains,  the  minerals  vaiy  in 
composition  as  well  as  condition,  and  the  workmen  in  the  attention 
they  give.  If  then  it  were  essential  to  produce  a  large  quantity  of 
iron  not  fiJling  below  the  quality  stated,  some  trifling  addition  would,, 
no  doubt,  be  required  to  the  quantities  given  in  these  estimates,  and 
1  propose  to  add  a  few  lines  on  this  head  in  connection  with  the  figures 
contained  in  the  tables  given  in  the  present  section. 

Let  us  take  the  example  of  a  furnace  of  dimensions  insufficient  to 
permit  that  prolonged  contact  between  the  gases  and  solids,  which  is 
needed  for  securing  the  saturation  of  the  former  with  oxygen,  and  the 
proper  heating  of  the  latter.    A  waste  of  fuel  is  the  consequence; 
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becanse  each  unit  affords  less  heat  from  its  imperfect  oxidation,  and 
more  heat  is  also  carried  off  in  the  escaping  gases,  partly  from  their  high 
temperature,  and  partly  from  their  larger  volume  caused  by  the  com- 
bustion of  an  increased  quantity  of  coke  for  a  given  quantity  of  iron. 
A  specimen  of  this  defective  working  is  seen  on  comparing  B  and  C 
in  Table  I.,  which  contains  the  following  figures: — 


B. 

C. 

Fuel  consomed  per  20  units  of  iron 

28-92  unite 

22'82  unite 

Carbon  u  carbonic  oxide  to  one  of  carbon 

as  carbonic  add 

4-06    „ 

2-28    „ 

Cubic  feet  in  furnace         

6,000 

llfiOf) 

Temperature  of  escaping  gases     

468°  C. 

882°  C. 

Do.          blast         

• 

486*' C. 

486°  C. 

Calorlflft 

fl.i«-iei. 

Heat  from  combustion  per  unit  of  coke  ... 

8,087 

8,668 

Heat  in  blast  per  unit  of  coke      

609 

684 

8^96 

4.187 

Carried  off  in  escaping  gases  per  unit  of  coke 

667 
8,029 

897 

Net  heat  equivalent    

8,790 

The  result  of  the  differences  given  above  is  such  that,  with  the 
blast  at  the  same  temperature  in  each  case,  there  is  a  higher  useful 
effect,  by  about  25  per  cent,  in  the  heat  evolved  from  G  than  from  B, 
accompanied  by  a  corresponding  economy  in  the  fuel  consumed. 

It  would  be  useless  to  attempt  to  obtain  the  net  result  given  in  C, 
viz.  8,790  calories,  by  a  mere  increase  in  the  temperature  of  the  blast ; 
because  it  will  be  seen  that  the  air  employed  for  burning  the  coke  is 
too  small  in  weight  to  contain  the  necessary  quantity  of  heat.    Thus : — 

.    Cslarl«t. 

Heat  from  combustion  of  coke  as  in  6         8,087 

Heat  in  blast  required  to  secure  the  net  result  of  C    1,100  (Temp.  1,009°  C.) 


Totel  heat 

Heat  carried  off  in  escaping  gases,  teken  as  in  C 

iM  ec  neaw     ...         ...         • .  • 


4,187 
397 

3.790 
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After  making  the  necessary  allowanoe  for  oxygen  supplied  by  tbe 
ore  and  flnx  and  for  tbe  carbon  which  combines  with  the  iron,  4*60  unite 
of  air  are  required  for  tbe  combustion  of  the  coke.  We  have  therefore 
1,100  calories  to  divide  by  4*60  (units  of  blast)  x  '287  (sp.  heat  of 
atmospheric  air) :  giving  1,009°  C.  or  1,848°  F.,  which  represents  the 
temperature  of  the  blast. 

Experience  with  fire-brick  stoves  does  not  hold  out  any  expectation 
at  present  of  our  being  able  to  heat  air  to  the  point  just  named.  A 
compromise  therefore  will  require  to  be  made,  i.e,  instead  of  seeking  to 
raise  the  power  of  the  unit  of  coke  to  8,790  from  8,029  caloriee 
simply  by  raising  the  temperature  of  the  blast,  an  enlargement  of 
the  furnace  must  be  provided^  in  order  to  obtain  a  higher  degree  of 
saturation  of  the  gases  with  oxygen.  In  this  calculation  we  will  assame 
that  the  ratio  of  carbon  as  carbonic  oxide  to  carbon  as  carbonic  add 
is  8*5  to  1,  and  that  the  loss  in  the  escaping  gases  is  midway  between 
B  and  G,  viz.,  482  calories  per  unit  of  fiiel  instead,  of  567  or  897 
calories. 

Calories. 
Heat  by  oombustioii  of  coke — 8'5  of  C  as  carbonic 

oxide  to  1  of  C  as  carbonic  acid      3,466 

Heat  in  blast  required  to  secure  the  net  result  of 

example  C       807  (Temp.  74(fC.) 


Total  heat  4^2 

Carried  off  in  escaping  gases — mean  between  B  and  C         482 


Same  net  result  as  C     ...  ...      8,790 


Probably  the  results  obtained  in  this  case  would  be  secured  in  a 
furnace  containing  8,000  or  8,500  cubic  feet,  and  receiving  its  blast 
at  740°  C,  or  1,364°  F. 

It  is  obvious  however  that  it  is  much  simpler  to  obtain  as  much  as 
possible  of  the  heat  required  by  a  high  state  of  oxidation  of  the  fdel, 
rather  than  by  having  to  expend  fuel  and  provide  apparatus  for  heat- 
ing the  blast.  I  would  quote  as  an  instance  of  this  the  example  C  in 
Table  I.    Thus :— 
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Tempeimtare  of  blast 


Heat  from  combiution  of  coke 
Heat  contained  in  blast 


Carried  off  in  gases  ... 


carbonic  acid    ... 

••■                •••                ••• 

>  •  fl 
■  ■  • 

•  •  ■ 

•  *  • 

•  •  * 
« •  • 

•  ■  ■ 

■  • « 

•  •  • 

•  «  • 

•  •  ■ 

•  •  • 

0. 

2-28 
486**  C. 

•*•                 ••>                ••• 

fl«a                       •■•                       •«• 

8,663 
534 

«>•                       *••                        •■• 

4,187 
397 

Net  result 

3,790 

As  has  been  already  stated  in  Section  YI.  p.  84,  the  value  of  the  hot 
blast  depends,  np  to  a  certain  point,  on  effecting  what  is  equivalent  to  a 
practical  enlai^ement  of  a  fximace,  by  diminishing  the  volome  of  gases 
prodnoed  in  the  mann&cture  of  a  given  weight  of  iron.  This  it  does 
by  making  the  air  the  vehicle  of  heat,  instead  of  having  recourse  to 
the  combustion  of  fuel. 

In  addition  to  what  may  have  been  ah'eady  said  on  the  subject  I 
^ould  submit  a  few  observations  on  the  nature  of  the  saving  effected 
by  successive  additions  to  the  temperature  of  the  air  blown  into  the 
fumaoe. 

Let  us  admit  the  possibility  of  so  oxidizing  the  carbon  that  the 
gases  as  they  escape  contain  1  of  carbon  as  carbonic  acid  to  2*1  as 
carbonic  oxide.  So  long  as  the  carbon  in  ther  latter  form  is  in  excess 
of  the  ratio  just  named,  viz.  2*1  to  1  as  carbonic  acid,  the  introduction 
of  heat  in  the  blast  means  the  saving  of  heat  afforded  by  burning  fuel 
to  the  state  of  carbonic  oxide  only.  Now  to  cover  loss  from  impurities 
in  the  coke,  say  7^  per  cent.,  it  has  been  assumed  that  each  unit  of  this 
description  of  fuel  gives  2,220  calories  when  burnt  to  the  form  of 
•carbonic  ozide^  and  7,400  calories  when  burnt  to  carbonic  acid.  If 
thus  1,000  calories  are  contributed  by  the  blast,  and  we  are  saving  fuel 
which  only  goes  to  form  carbonic  oxide,  we  have  |f  }g  =  '450  units 
•of  coke. 

If  on  the  other  hand  the  saving  of  coke  which  only  serves  to 
generate  carbonic  oxide  has  been  carried  to  a  point  where  the  gases 
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contain  only  2'1  of  carbon  in  this  form  to  1  in  that  of  carbonic  acid^ 
or  100  volumes  of  CO  to  47*6  of  C0^  then,  the  ratio  of  the  two  carboD 
oxides  remaining  unaltered,  the  saving  is  found  as  foUows : — 

1     of  carbon  as  carbonic  acid  x  7,400  *  7,400  calories. 
21         do.        carbonic  oxide  x  2,220  »  4,662       „ 


31  units  of  carbon  give 12,062 

—  8,890  cals.  per  unit  of  ooke. 

81 


Then  we  have  ^%^  =  '257  units  of  coke  per  1,000  calories. 

Thus,  so  long  as  there  is  an  excess  of  carbonic  oxide  in  the  gases, 
the  saving  for  each  1,000  calories  in  the  blast  amounts  to  nearly  half 
a  unit  of  coke  (*450);  whereas,  when  the  gases  arrive  at  the  supposed 
point  of  static  equilibrium,  tbe  saving  is  only  one-quarter  of  a  unit 
(*257).  At  this  rate  the  saving  will  remain  constant  so  long  as  the 
ratio  of  the  two  oxides  of  carbon  remains  constant. 

The  limit  to  further  economy  under  these  conditions  will  be  the 
temperature  to  which  it  will  be  practicable  to  raise  the  blast.  In  the 
case  of  E  and  P,  Table  I.,  the  temperatures  were  888°  C.  and  819°  C. 
respectively.  If  we  assume  850°  C.  (1,562°  F.)  as  an  average  practical 
tempei*ature,  then  4*60  units  of  atmospheric  air  would  contain  981 
calories,  and  taking  the  loss  on  the  escaping  gases  at  258  calories^ 
we  have: — 

OOoriet. 
Heat  from  combustion  of  one  unit  of  coke — 2*1  as  carb.  oxide  to  1  as 

carb.  acid,        ...         ...         ...        ...        ...         ...        «..         ...  8^90 

Heat  contained  in  the  blast  (4*6  x  -287  sp.  beat  x  860°)      925 

4315 
Less  carried  off  in  tbe  gases        258 

Net  result    ...        ...        ...        ...        ...  4,557 

In  the  estimates  just  given  the  proporticMi  of  carbon  as  carbonic 
acid  is  in  reality  in  excess  of  what  I  have  usually  found  in  the  gases;  1 
to  2*20  or  2*25  as  carbonic  oxide  being  a  more  common  ratio.  In  the 
cases  of  C  and  D,  abeady  particularly  referred  to,  the  figures  were  2*28 
and  2*52  respectively,  and  then  the  net  results  were  8,790  and  8,785 
calories. 
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Applying  the  above  ratio,  say  2*20  to  1,  to  a  fdmace  blown  with 
air  at  850®  C,  the  effect  would  be  as  follows: — 

Calories. 
Heat  from  combustion  of  coke  (2*2  as  carb.  oxide  to  1  as  carb.  acid) . . .  8,839 
Heat  contained  in  blast  (4-60  air  x  -287  sp.  heat  x  850P  C.)  ...       926 

4,764 
Leas  carried  off  in  gases        258 

4,606 

It  is  a  remarkable  fact  however  that,  with  one  exception,  I  have 
invariably  found  the  proportion  of  carbon  as  carbonic  acid^  in  the  gases 
from  fiimaces  blown  with  superheated  air,  below  that  in  furnaces  using 
air  of  more  moderate  temperatures.  The  exception  referred  to  is  the 
fourth  in  the  subjoined  list  (F  in  Table  I.).  It  contains  the  parti- 
culars of  the  large  Ormesby  furnace,  which  it  will  be  remembered  was 
nmning  only  half  the  quantity  of  metal  usually  produced  for  a  given 
capacity  from  a  Cleveland  furnace.  In  the  following  list  the  perfor- 
mance of  three  other  furnaces  is  added  in  order  to  obtain  an  average 
result. 

Squivalents  of  Heat  per  Cwi,  of  Coke  infurnaeee  tuing  air  euperheated  in 

Firehrich  Stoves, 

Cftlorias  /i_i„_j 

TmoD.    OaaOo      from        j""*m^  it  -is-  * 

•O.  CO..  ofOoka.  """•               **•«*  '^^^■ 

Ormesby            20,642      780  289  3,442  747    4,189    464  3,725 

Consett,  K,  Table  II.   ...     10,800      718  2'52  8,632  671    4^208    288  8,920 

Ormesbj,  £,  Table  L    ...    20,642      888  8-07  8,258  906    4,164    865  3,79» 

Do.        F,  Table  I.  ...    86,016      819  2*28  8,661  798    4,344    189  4,155 


Average 21,660      80r    2*69      8,445    779    4,224    825  8,89» 

Against  these  I  would  place  the  figures  appertaining  to  furnaces 
using  air  heated  by  means  of  iron  pipes  : — 

Tamp.  OmOO.  ^^SSJ"  O»lori«               ,-— 1«  w** 

Work.                     OftpMltj.       of       tol  0   nSSw       *»        TotsL    ^g^  J^. 

Clarence,  C.  Table  L...     11,600     486''     228     3,658     684     4^87     897  8,790 

Do.      D.,    Do.    ...    11,600     663^     262     8,580     574     4,154     869  8,785 

Forest,    L,    do.IL...      9,550     522*'     2-04     8,696     617     4,213     319  8.916 

Average       ...    10,850     623^     2*28     8,643     642     4,188     862  8,880 
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Without  implying  any  distrust  whatever  in  the  value  of  fire-brick 
stoves,  I  would  point  out  that  with  air  of  an  average  temperatore  of 
523^  C,  used  in  furnaces  of  dimensions  only  half  those  of  other  furnaces 
using  blast  heated  to  an  average  of  801^,  results  if  anything  rath^ 
better  than  in  the  larger  furnaces  have  been  obtained.  It  miut  not 
be  overlooked,  however,  that  the  question  of  the  kind  of  stove  to  which 
the  preference  has  to  be  accorded  can  only  be  settled  by  the  average 
performance  over  long  periods  of  a  great  number  of  furnaces.  All  I 
intend  at  present  is  to  shew  by  the  figures  I  have  made  use  of,  that  as 
great  an  average  heating  power  has  been  obtained  from  coke,  in 
furnaces  of  moderate  size  driven  with  air  at  comparatively  moderate 
temperatures,  as  in  those  of  much  larger  dimensions  driven  witii 
superheated  air. 

There  is  one  other  matter  in  connection  with  the  economy  of  fuel 
raised  by  a  most  competent  authority  in  the  manufacture  of  iron,  I 
mean  Mr.  Edward  Williams.  The  importance  of  attending  to  the 
shape  of  a  furnace  as  well  as  to  its  capacity,  was  insisted  on,  iu  July, 
1882,  by  this  gentleman,  at  a  meeting  of  the  South  Wales  Institute  of 
Engineers,  of  which  he  is  president. 

The  question  has  already  been  alluded  to  in  these  pages  (page  124), 
but  without  insisting,  to  the  extent  Mr.  Williams  does,  on  the  superior 
advantages  gained  by  additions  of  height  in  preference  to  enlarging 
the  capacity  of  a  furnace  by  increasing  its  width.  This,  like  most 
other  branches  of  the  enquiry,  can  be  determined  by  experience  alone; 
for  we  not  only  have  to  design  a  form,  with  which  gases,  in  various 
degrees  of  dilatation,  may  find  their  way  most  equably  through  the 
solids,  but  we  have  also  to  study  the  conditions  least  favourable  to  the 
''  scaffolding  "  of  the  materials. 

This  is  a  subject  to  which  practical  smelters  would  do  well  to  turn 
their  attention,  recording  for  mutual  instruction  the  results  of  their 
experience.  My  own  observations  on  the  subject  are  too  limited  to 
speak  with  a  sufficient  degree  of  confidence.  This  much  I  may  lie 
permitted  to  state,  viz.,  that  the  furnaces  which  seem  to  have  done 
the  best  work  have  boshes  sloping  at  an  angle  of  78  or  75  degrees, 
instead  of  about  60  degrees,  as  was  formerly  the  common  practice  in 
Cleveland. 
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Allosion  has  been  made  to  the  possibility  of  error  in  stating  the 
quantity  of  carbon  and  therefore  of  coke  required  in  producing  one 
ton  of  iron.  As  an  example  may  be  quoted  that  of  one  of  the  Ormesby 
furnaces  (v.,  page  245)  in  which  24*14  cwts.  of  coke,  containing  90 
per  cent,  of  carbon,  was  given  as  the  consumption  per  ton  of  pig.  It 
was  pointed  out  at  the  proper  place  that  this  quantity  seemed  excessive, 
having  regard  to  the  quantity  of  heat  needed  in  this  particular  case. 
The  excess  was  shown  to  be  7,000  to  8,000  calories.  Galling  it  7,500 
calories  this  number  divided  by  4,164  (the  calories  developed  per  unit 
of  fuel)  represents  an  overstatement  of  1*79  cwts.  of  coke  per  ton  of 
metal. 

Now  there  is  really  no  difficulty  (supposing  all  the  ore  to  be  so 
calcined  as  to  have  all  its  carbonic  acid  driven  off,  as  is  often  the  case)  in 
calculating  from  the  average  composition  of  the  gases,  how  much 
carbon  has  been  derived  from  the  fuel. 

To  prove  this  I  ynll  assume  a  case  in  which  the  quantity  of  carbon 
burnt  in  the  fiimace  is  known,  and  thereby  adopting  a  composition  of 
the  gases  based  on  this  knowledge,  we  shall  find  that  the  coke  used 
corresponds  in  the  calculation  with  the  assumed  quantity.  For  my 
present  purpose  I  will  take  an  example  where  each  ton  of  iron  is 
supposed  to  have  required  as  follows: — 

22  cwtB.  of  coke  containing  92*5  per  cent,  of  carbon. 

10      „        limestone    ,.       12*0       „  „        united  to  82*0  per  cent,  of 

oxygen  to  form  CO.. 

For  simplicity's  sake  I  will  assume  that  the  blast  was  absolutely 
free  from  moisture,  and  that  the  gases  contained  6*58  units  of  carbon 
as  COi,  and  the  remainder  as  CO,  per  20  units  of  iron. 

By  calculation,  the  carbon  in  the  escaping  gases  comes  out  to  be  as 
fc^ows: — 

Unlta. 

Coke,  22  nnita  containing  92*6  per  cent.  C.  -      20*35 

Limestone  contains   ...        ...         ...        ...        ...        ...  1*20 

21*55 

Lefls  abaorbed  bj  iron  '60 

Total  carbon  contained  in  gases      20*95' 


*  The  possible  extent  to  which  caibon  may  be  derived  from  the  ironstone  has 
Wi  referred  to,  page  240. 
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CONDITION  OF  THE  CARBON  IN  THE  OASES. 

From  our  assumption  that  6*58  carbon  existed  in  tiie  form  of  C0| 
it  follows  that  14*37  are  present  as  CO,  making  together  the  20*95 
units  of  carbon  given  above.  Although  the  condition  of  the  carbon 
in  the  gases  as  regards  its  state  of  oxidation  is  given,  it  must  not  be 
understood  that  this  condition  affects  the  calculation  we  are  considering. 

OXYGEN  IN  THE  OASES. 

Analysis  of  the  iron  indicated  that  (including  the  oxygen  originally 
combined  with  the  silicon,  sulphur,  and  phosphorus  therein  contained) 
9*00  units  of  oxygen  were  derived  from  the  ore.  This  together  with 
3*20  units  derived  from  the  limestone  as  already  mentioned,  makes 
12*20  units  of  oxygen,  contributed  by  the  solids  entering  the  fomaoe 
for  each  20  units  of  iron  produced.  The  oxygen  due  to  the  blast, 
for  this  weight  of  metal,  is  thus  estimated: — 


Carbon  as  carbonic  acid  *    6'68,  united  with  oxygen 
„        carbonic  oxide » 14'd7t        »  n 

Total  oxygen  in  the  gttes      

Deduct  oxygen  in  ore  and  flux,  as  above  mentioned 

Oxygen  due  to  the  blast,  considered  as  dry 


Uniti. 
17-56 
1916 

86*71 
12-20 

24-51 


NITROGEN  IN  THE  GASES. 

The  analysis  of  the  gases  gives  the  exact  relation  which  the  nitrogen 
they  contained^  bears  to  the  carbon  and  oxygen,  consequently  the 
exact  quantity  of  atmospheric  air  employed  (taken  as  dry  in  this 
particular  case)  per  20  units  of  iron  is  then  easily  calculated.  The 
correctness  of  the  analysis  can  be  judged  by  this  nitrogen  corresponding 
with  the  quantity  estimated  to  be  brought  in  by  the  oxygen  just 
mentioned,  viz.  24*51  units  of  oxygen  for  20  units  of  iron.  This  of 
course  is  not  attempted  in  the  present  case,  because  the  assumed  com- 
position of  the  gases  and  solids  ensures  an  exact  correspondenoe 
between  the  two  sets  of  numbers.  Following  the  figures  adopted  we 
have : — 

*  AU  reference  to  the  minnte  quantities  of  N  which  go  to  form  N  H,  and  Cy 
is  neglected  in  this  calcolation. 
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23-25  (O.  per  100  air)  :  76*76  (N.  per  100  air)  : :  24*51  (O.  in  gases  per  20  units 
of  iron  derived  from  blast)  I  80*91  (the  N.  per  20  units  of  iron). 

The  escaping  gases,  adopting  ihe  figures  assumed  in  the  present 
<3aae,  will  have  the  following  composition : — * 


CO. 

■  •  • 

17*41  - 

C.  4-748 

•  •  ■ 

0.  12-662 

CO 

•  •• 

2419  - 

10*367 

•  9  • 

18-828 

N 

•  •  • 

58-40 

^^ 

•  •  • 

__ 

100*  15115  26*485 


Having  determined  in  the  manner  described  above,  the  actaal 
weight  of  nitrogen  (80*91  units)  accompanying  the  production  of  20 
units  of  metal,  we  have  simply  to  estimate  the  carbon  and  oxygen  which 
are  found  associated  with  this  quantity  of  nitrogen  according  to  the 
proportions  in  which  they  are  found  by  analysis.  According  to  such 
computation  the  figures  will  stand  thus : —  t 

Carbonic  acid 24*13  -       Carbon    6*58      and  oxygen  17*55 

Carbonic  oxide          ...    33*53  «  „      14*37  „  19*16 

Nitrogen         80*91  —  — 

Total  weight  of  gases 
per  ton  of  iron       ...138*57    Total  carbon  20*95  Total  oxygen  36*71 


From  these  figures  the  oxygen  in  minerals  and  in  air  is  thus 
calculated: — 

76*75  (N.  in  air)  I  23*25  (O.  in  air)  : :  58*40  (per  cent.  N.  in  gases)  :  19*69  (O  in 
per  cent.  O  in  gases  deriTed  from  blast. 

But  the  oxygen  in  the  gases  associated  with  the  58*40  of  nitrogen 
weighed  26-485;  and  26*485  less  19*69  (oxygen  in  air)  gives  8'795  as 
due  to  the  minerals. 

Now  the  total  weight  of  oxygen  derived  from  the  minerals  per  20 
units  of  iron  has  been  shown  to  be  12*20  units,  aod  the  weight  of 
carbon  in  100  units  of  the  gases  was  ascertained  to  be  15*115  units : 
hence  we  have : — 

8*795  (O.  from  minerals  per  100  of  gases)  ;  15115  (C.  in  100  of  gases)  :  *.  12*20 
(oxygen  in  minerals  per  20  of  iron)   :  20*96  (total  C.  in  gases  per  20  of  iron). 

^  The  composition  of  the  gases  in  the  analyses  is  an  estimated  one  and  corresponds 
exactly  with  the  carbon,  &c.,  delivered  to  the  furnace.  Of  course  in  actual  practice 
the  analysis  itself  constitutes  the  basis  of  computation. 
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The  total  carbon  in  the  gases  per  20  of  iron  is  thus  shown  to  be       20^ 
Of  this  there  was  contributed  bj  the  limestone  1*80 


J^LuOTvilCSO    •••  ■«•  •••  •*•  ••• 

To  which  add  carbon  absorbed  by  pig  iron       

Actual  carbon  furnished  by  coke  

To  convert  20*36  into  coke  add  for  7i  per  cent,  impurity 


19-76 

20^ 
1^ 


Making  together  and  corresponding  with  the  assumed  quantity 
of  coke  consumed         22<X) 


The  calculation  just  given  is  of  conrse  liable  to  be  constantlj 
ajffected  by  the  ever  changing  amount  of  moisture  in  the  air. 

To  avoid  complicating  my  calculations  unnecessarily,  I  have  adopted 
in  all  the  estimates  given  in  these  pages  what  I  consider  to  be  a  mean, 
viz.,  72  per  cent,  of  water  in  the  blast.  Every  100  parts  of  such  blast 
is  therefore  composed  of: — 


Nitrogen. 

OiTfen. 

Hydiofen. 

76-20 

•  •  • 

23-72 

•08  - 

100 

Instead  of  76*76 

•  •  ■ 

23-26 

•  •  ■                            "^^      ^^ 

100 

as  assumed  in  the  previous  calculation,  where  the  blast  was  regarded 
as  absolutely  dry. 

Suppose  on  analysis  100  parts  of  the  escaping  gases  are  ascertained 
to  consist  of: — 


Carbonic  acid 

...      17-68 

- 

C.  4-82     +     0.  12-86 

Carbonic  oxide 

...      24-67 

- 

C.  10-63     +     0.  14-04 

Hydrogen     

•05 

—                     — 

Nitrogen       

...      67-70 

—                     — 

100-00 

16-36                 26-90 

We  have  then  as  before : — 

76-20  N. :  23-72  0. : :  67-70  :  17-96  =  O  in  bUist  per  100  of  gas. 

But  0.  in  100  of  gases  is  26*90;  and  deducting  17*96  we  have 
per  100  gas,  8*94  0.  derived  from  the  ore  and  limestone  instead  of 
8*795  as  formerly. 

This  modifies  the  figures  to  be  made  use  of  as  follows: — 

8-94  (per  cent.  O.  in  gas  from  minerals)  :  16*36  (per  cent  C.  in  gases)  : :  12-20 
(weight  of  O.  from  minerals  per  20  units  of  iron)  :  20-96  (the  total  weight 
of  carbon  in  the  gases  per  20  units  of  iron). 
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We  have  then  as  before,  on  deducting  the  carbon  supplied  by 
the  limestone  and  adding  the  carbon  absorbed  by  the  pig  iron  together 
with  the  ash  to  form  coke,  a  net  result  of  22  units,  which  was  the 
asanmed  weight  of  coke  employed  per  20  units  of  metal  produced. 

Abbieyiatedy  the  following  formula  will  serve  to  estimate  the 
quantity  of  carbon  derived  from  the  coke  used  for  20  imits  of  pig 
iron: — 


Let  X  be  the  total  weight  of  carbon  in  the  gases  per  ton  of  iron. 
O  the  total  percentage  of  oxygen  in  the  gases. 
N^  do.  nitrogen        do. 

0  —  '8112  N.  the  percentage  of  oxygen  in  the  gases  as  far  as  it  originates 
from  ore  and  Umestone^  i.«.  allowing  for  that  derived  from  *72 
per  cent,  of  moisture — ^the  assumed  quantity  in  the  blast. 
C  the  percentage  of  carbon  in  the  gases. 

Ok  the  total  oxygen  brought  by  the  minerals  per  20  units  of  pig. 
C  X  Om 


Tben« 


(O  -  -8112  N.) 


Allowing  then,  as  shown  above,  for  carbon  in  limestone  and  pig 
iron,  and  ash  in  coke,  the  value  obtained  for  x  readily  gives  the  weight 
of  coke  per  20  units  of  iron.  On  applying  this  mode  of  computation 
to  the  case  of  the  Ormesby  furnace,  given  in  page  244,  the  coke  came 
out  22*35  instead  of  24*14  cwts. — showing  thus  an  excess  of  1*79  cwts. 
and  corresponding  exactly  with  the  amount  computed  from  the 
quantity  of  heat  required. 

I  subjoin  five  other  examples  as  a  means  of  comparing  the  quantity 
of  fuel  said  to  be  consumed  with  that  appearing  as  carbon  in  the 
escaping  gases: — 


Ormesby 

Furnaoo 

of9S,000 

oaUofeet. 

Onnesby 

Fomaoe 

of  36.000 

oubiofeei. 

Olarenoe 

Ftunaoe 

of  24.000 

oubiofeei. 

dwenoe. 

Olarance 

Arerage 

4Fumaces 

IWeek. 

Coke  per  charging  book 

20-08 

1909 

22-97 

22^ 

21-22 

Coke    estimated   from   C   in 

gases  by  the  formula 

2119 

19-89 

22-36 

21-86 

21*06 

Coke  as  consumed  understated 

116 

'20 

— 

— 

Coke  as  consumed  overstated 

— 

— 

•61 

*69 

•16 
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ON   THE    HEAT    EQUIVALENT    OF   CHAECOAL    IN    THE    BLAST 

FUBNACE. 

Already  in  Section  Y II.,  on  ftiel,  a  general  comparison  was  attempted 
to  be  drawn  between  the  amount  of  dnty  obtained  from  charcoal  and 
from  coke.  The  application  of  vegetable  fiiel  to  the  smelting  of  iron 
derives  much  interest  from  the  small  quantities  occasionally  consumed 
in  the  blast  furnace  to  produce  a  ton  of  iron.  A  more  minute  enquiry 
into  the  causes  which  lead  to  this  result  induces  me  to  supplement 
what  has  been  already  said  on  the  subject.  My  present  opinions  are 
mainly  founded  on  information  obligingly  supplied  to  me  by  the  owners 
and  managers  of  different  works^  during  a  recent  visit  to  the  Yordem- 
berg  Yalley  and  elsewhere. 

As  examples  of  a  remarkably  low  consumption  of  charcoal,  I  append 
the  following  particulars,  obtained  during  the  late  meeting  (1882)  of 
the  Iron  and  Steel  Institute  in  Austria: — 


Work. 

Quality 
of  Iron. 

Hdght  and 
Capacity  of 

Height.    Ovaoity. 

Temperature 
ofSlast. 

WeeUy 
Make. 
Tons. 

Ohareoal 
Qsedmrl) 

Units  of  Pis. 
UnitaL 

Trofaiach 

White 

62 

2,030 

840    644 

140 

13-60 

Vordemberg  No.  14 

»f 

48J 

1,190 

313    695 

154 

14-20 

»»              »»    13 

w 

29 

430 

cold  blast. 

60 

16-70 

.,2 

t» 

35} 

1,120 

800    572 

105 

14-80 

„      8 

»» 

53 

3,690 

450    842 

269 

12-60 

Neuberg 

Bessemer 

4A 

— 

800    572 

115 

18-00 

Heft.*   Corinthia... 

>» 

43 

—^ 

875    707 

<>— 

16-80 

Prom  a  list  of  furnaces  given  further  on  (pp.  276, 277)  it  will  be  seen 
that  a  ton  of  grey  forge  iron  is  made  in  Sweden  with  quantities  of 
charcoal  varying  from  15*44  to  28*94  cwts.;  and  Bessemer  iron,  also 
with  charcoal,  from  17*70  to  25"56  cwts. 

There  is,  as  might  be  expected,  a  certain,  indeed  in  some  cases,  a 
considerable  amount  of  variation  perceptible  in  the  figures  just  given; 
but  on  the  whole  the  quantity  of  charcoal  required  to  produce  a  ton  of 
metal  is  considerably  below  that  usually  consumed  by  smelters  using 
coke  as  their  fuel. 

The  most  rational  mode  of  investigation  into  the  cause  of  this 
difference  is  to  consider,  in  the  first  place,  to  what  extent  any  variations 


*  Paper  by  M.  Friderici. 


*  Letter  from  Bitter  v.  Tanner. 
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in  the  work  to  be  performed  may  acoonnt  for  this  apparent  Buperiority 
of  charcoal  over  coke.  One  example  was  given  at  page  129,  by  which 
59,800  calories  appeared  to  be  absorbed  per  20  units  of  white  iron. 
Underneath  is  inserted  a  comparative  statement  of  the  requirements 
for  smelting  ffrey  iron  in  two  fomaces,  the  one  using  coke  and  Cleve- 
land ore,  and  the  other  using  charcoal  and  spathose  ore : — 

SetU  JRequiremenfs:^ — 

'Class  I. — 

Fniion  of  slag      ...        ...         ...         ... 

Deoompofiition  of  water  in  blast 
Ezpalsion  of  carbonic  acid  in  minerala... 
Decomposition  of         „                „       ,.. 
Evaporation  of  water  in  fael     

Class  II. — 

Bednction  of  iron  in  oxide  of  iron 

Carbon  impregnation      

Decomposition  of  silicic,  phosphoric  and 

sulphuric  acids  

Transmission  through  walls      

Fusion  of  pig  iron  

Carried  off  in  tuyere  water       

Class  III. — 

Carried  oft  in  gases        


ChMooaL 
Gal<]ri«t. 

06km. 
OiOoriM. 

8311 

14,520 

1,700 

2,444 

962 

4,013 

992 

4,160 

1,074 

14^189 

824 

«9,401 

82,100 

83,106 

1,920 

1,440 

622 

4,174 

2,615 

8,668 

6,600 

6,600 

1,176 

44.983 

1318 
60,798 

8,480 

7,542 

62,662 

88301 

Estimated  heat  produced  in  the  furnace 


63,896 


84,772 


The  close  correspondence  between  the  two  sides  of  the  account,  in 
both  these  examples,  affords  a  reasonable  ground  for  a  belief  in  their 
general  correctness.  Admitting  this,  it  would  appear  that  iron  made 
under  the  assumed  conditions  requires  83  per  cent,  more  heat  in  the 
case  of  the  coke  than  in  that  of  the  charcoal  furnace.  There  aie, 
however,  differences  in  the  composition  of  the  two  kinds  of  fiiel,  as 
well  as  differences  in  the  character  of  their  combustion,  which  prevent 
any  direct  comparison  being  made  by  having  regard  only  to  the 

1  The  same  classification  of  the  heat  requirements  has  been  retained  as  that 
giTen  at  page  242.  In  comparing  different  qualities  of  charcoal  and  coke,  as  wdl  as 
charcoal  iron  and  coke  iron,  care  must  be  taken  to  make  proper  allowance  for 
differences  of  composition. 
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quantity  of  heat  required.    This  will  be  best  understood  when  the 
heat  equivalents  of  each  kind  of  fuel  come  to  be  considered. 

At  the  risk  of  appearing  to  overload  these  pages  with  examples  of 
the  performance  of  blast  furnaces  using  charcoal,  I  annex  extracts  from 
a  list  compiled  by  Professor  Akerman.  This  is  done  because,  as  is 
well  known  by  furnace  managers,  it  would  be  easy  to  select  a  few  cases 
which  might  serve  to  illustrate  conditions  of  a  very  opposite  nature. 
The  iron  produced  in  all  the  examples  given  may  be  considered  as  grey 
in  quality;  but  that  used  in  the  Lancashire  hearths  for  making  malleable 
iron,  being  run  in  iron  moulds,  is  white  at  the  outside,  where  it  comes 
in  contact  with  the  cold  iron.  The  metal  intended  for  Bessemer 
steel  is  of  course  "richer"  than  that  used  for  forge  purposes.  The 
consumption  of  fuel  being  affected  by  the  richness  of  the  ore,  and  the 
quantity  of  limestone  charged,  I  have  added  the  weight  of  ore  and 
limestone  per  100  units  of  fuel,  together  with  the  temperature  of  the 
blast,  and  the  percentage  of  carbonic  acid  to  carbonic  oxide. 


I. — Swedish  works  making  grey  forge  iron : — 

Work. 

Enf^iah 
Feet 

Unltfiof 

Charcoal 

per  20  units 

of  Pig. 

Units  of  Ore 

and  Flux 

per  100  units 

FaeL 

Tempeoraitiare 

ofBljist. 
•0.           "»F. 

Volaof 

00,p«r 

100  V^ 

00. 

Hagfonen 

•  •  • 

64J 

19-56 

198 

200 

-  392 

38-4 

Gnstavfors 

•  •  • 

46} 

23-94 

199 

140 

284 

28-8 

Finshyttan 

•  •  • 

431 

23*80 

224 

100 

212 

311 

Sdderfora 

«  *  • 

50i 

18*86 

199 

230 

446 

341 

Qammelkroppa 

•  •  m 

42f 

20-96 

204 

180 

366 

30-6 

Hofors,  No.  1 

•  ■  • 

61 

22-50 

247 

150 

302 

41-0 

Do.    No.  3 

•  •  • 

52^ 

19-66 

220 

250 

482 

35-» 

Harn&8 

•  •  • 

41 

19-30 

195 

80 

176 

82-1 

Vikmanshyttan 

•  •  • 

30f 

20-18 

195 

170 

338 

36-6 

Starbo 

•  •  • 

89 

17-01 

219 

300 

572 

eo-Q" 

Deg^rfors 

•  «  • 

60} 

18-52 

228 

200 

392 

66-3 

Hogfors 

•  •  • 

37 

19-36 

235 

280 

446 

50-4 

Bjornhyttan  ... 

•  •  • 

42 

15-44 

204 

200 

392 

85-3 

Norn    ... 

■  •  • 

43 

19-60 

286 

200 

392 

58*4 

Bof on 

■  fl  ■ 

62 

20-04 

236 

170 

338 

60^4 

Seglingsberg 

•  •• 

48} 

17-26 

224 

200 

392 

61-2 

Dalkarlflhyttan 

•  •  • 

43i 

1570 

237 

100 

212 

68-3 

Do. 

•  •  • 

43* 

15-66 

253 

100 

212 

69-1 

Klenshyttan  ... 

•  •  • 

31^ 

1828 

188 

250 

482 

44-4 

Average  for  grey  forge     44^  19*23 


217-68     182        359 


48-5. 
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11.— Swedish  workt 

makinff  Beuemer  iron: — 

Work. 

Feet. 

o*^-        ofFueL 

Temperature 

ofBlast 
•0.         "F. 

Vols,  of 

100  V^ 
of  00. 

JNjkroppa 

...     60i 

28-42          206 

250 

482 

27-8 

L&ngshjttan  ... 

...     5U 

17-70          212 

800 

572 

41-5 

Domnarfvet   ... 

...     53^ 

21-00          221 

280 

586 

40-8 

Ulfflhyttaa     ... 

...    40 

1774          228 

800 

572 

48-0 

.isandviken 

...     60^ 

25*66          229 

280 

536 

27-0 

B&ngbro 

...    58i 

19-02          220 

300 

572 

56*2 

OoldsmeUhyttan 

...    60^ 

17-50          228 

230 

446 

761 

Westanfon    ... 

...     41 

22*12          183 

250 

482 

36-7 

Avenge  for  Bessemer      49 


2053 


215-5       273-7     525 


441 


It  may  be  observed  that  the  average  weight  of  ore  and  limestone 
carried  on  100  lbs.  of  charcoal  is  about  218  lbs.  for  Lancashire  hearth 
iron,  and  about  215  lbs.  for  Bessemer.  Beckoned  on  dry  charcoal, 
these  numbers  will  be  257  lbs.  and  254  lbs.  respectively.  In  British 
fnmaces  100  lbs.  of  good  Durham  coke  carry  about  252  to  272  lbs.  of 
ore  and  limestone  for  grey  forge,  and  about  222  lbs.  for  Bessemer  pig. 

Dealing  with  the  fnmaces  just  enumerated  as  a  whole,  there  will 
be  found  nothing  to  excite  any  surprise  in  reference  to  the  consumption 
of  fuel.  It  is  true  that  the  charcoal  usually  contains  about  15  per  cent, 
of  water,  so  that  in  19*23  units  and  20*58  units  we  have  in  reality 
only  16'35  and  17*45  units  respectively  of  dry  fnel  to  account  for. 
Now  if  Cleveland  coke  iron  of  forge  quality  requires,  as  appears  in  the 
statement  given  at  page  275,  83  per  cent,  more  heat  than  the  charcoal 
pig  made  in  these  furnaces,  we  have  (16*35  +  88  per  cent.)  21*80  units 
as  the  proper  quantity  of  coke  required  for  grey  forge  iron.  Bessemer 
iron,  as  made  in  England,  usually  absorbs  about  75,500  calories  per  20 
units,  equal  therefore  to  21  per  cent,  in  excess  of  that  produced  in  the 
charcoal  furnaces  of  Sweden.  If  then  to  17-3  cwts.  the  weight  of  dry 
charcoal^  we  add  21  per  cent.,  we  have  20*98  cwts.  as  its  equivalent  in 
coke  at  an  English  Bessemer  fiirnaoe.  Now  when  we  consider  that 
Durham  coke  contains  6  per  cent,  of  ash^  or  three  times  the  quantity 
of  that  present  in  charcoal — also  that  21^  cwts.  of  the  former  suffice 
to  make  a  ton  of  grey  forge  iron  and  under  21  cwts.  a  ton  of  Bessemer 
iron — the  figures  just  given  prove  that  so  far  as  grey  iron  is  concerned 
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the  average  results  in  these  Swedish  fumaoes,  in  point  of  the  con- 
sumption of  ftiely  are  in  no  way  superior  to  those  commonly  obtained 
in  modem  furnaces  using  coke. 

On  contrasting  the  weight  of  charcoal,  given  in  page  274,  as 
employed  in  the  manu&cture  of  white  iron  in  Styria^  with  that  con- 
sumed in  the  Swedish  furnaces  for  producing  grey  iron,  there  is,  it  will 
be  seen,  a  ditference  of  above  6  cwts.  to  the  ton;  and  even  in  mak±ig 
Bessemer  pig,  the  smelters  of  Austria  appear  to  be  able  to  do  the  work 
with  less  fuel  than  those  of  Sweden.  I  propose  now  to  examine  the 
work  of  the  furnaces  in  the  two  countries,  by  means  of  the  data  in  my 
possession,  in  order  that  a  comparison  may  be  drawn  as  to  the  quantity 
of  heat  required  in  each  case  and  the  means  employed  for  obtaining  it. 
With  this  view  I  have  prepared  Tables  containing  the  needful  iiBtctors, 
together  with  the  estimates  based  thereon;  selecting  cases  where  a 
maximum,  a  minimum^  and  something  like  a  mean  quantity  of  fuel 
has  been  consumed. 

An  examination  of  the  Tables  III.  and  lY.  points  to  the  supposition 
that  the  weight  of  charcoal  used  may  be  somewhat  understated  in  some 
of  the  instances  under  examination.  This  observation  is  particularly 
applicable  to  the  furnace  of  Seglingsberg  and  Guldametshyttan,  the 
former  showing  a  deficiency  of  about  2  cwts.  and  the  other  of  1  cwt.  to 
the  ton  of  iron.  This  is  not  surprising;  because,  owing  to  the  readiness 
with  which  charcoal  absorbs  moisture,  it  is  the  practice  of  those  using 
this  description  of  fiiel,  to  deliver  it  to  the  furnaces  by  measure,  and  it 
may  easily  happen  that  a  given  bulk  may  contain  a  greater  weight  of 
dry  charcoal  than  the  figure  assumed  for  the  estimates  given  in  the 
Tables.  No  allowance  has  been  made  for  the  heat  contained  in  the 
ore,  usually  freshly  drawn  from  the  kilns;  but  this  \b  considered  as  vary- 
ing from  1,600  to  1,800  calories  per  20  units  of  iron. 

My  want  of  sufficient  experience  with  charcoal  furnaces  renders  it 
however  inexpedient  that  I  should  do  more  than  point  out  the  dis- 
crepancies alluded  to ;  and  the  numbers  given  by  the  authorities, 
quoted  as  the  source  of  my  information,  will  be  adhered  to  in  the 
calculations  which  follow. 

Although  it  has  been  demonstrated  (page  277)  that  the  average  coq> 
sumption  of  charcoal  in  making  grey  iron  in  Sweden  shows,  on  proper 
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aUowanoes  being  made,  scaroely  as  good  resnlts  as  those  obtained  in  the 
coke  furnaces  of  Great  Britain,  yet  there  are  in  the  list  some  remarkable 
examples  which  lead  to  a  contrary  conclusion.  Some  of  these  have  been 
given  at  274  and  foUowing  pages,  from  which  it  will  be  perceived  that 
in  certain  cases  there  is  an  extraordinary  proportion  of  carbonic  acid^ 
«8  compared  with  carbonic  oxide. 

In  order  to  compare  the  available  heat  developed  per  unit  of  char- 
coal with  that  produced  from  each  unit  of  coke,  the  following  estimates 
have  been  compiled : — 

a.  b.  e.  d.  e.  /. 

Combiution  of  charcoAl     ...    3,776    8,077    2,894    3,808    8,626    3,748    8,821 
Conteined  in  blast 169       185       200       181       268       868       219 


3,946  3,212  2,594  3,484  8,894  4,111  8,540 

Carried  off  in  gMM 266  213  817  281  242  185  251 

Useful  equivalent  of  heat  per 

nnit  of  cfaarcoal 8,679  2,999  2,277  8,208  8,662  8,926  8,289 


On  referring  to  the  estimates  of  the  quantities  of  heat  available, 
as  produced  in  coke  and  charcoal  furnaces  respectively  it  will  be  seen 
that,  at  first  sight,  there  is  a  very  close  correspondence,  in  this  respect, 
between  the  two.  Taking  C,  D  and  E,  given  page  244,  as  fair  examples 
of  the  former,  we  have : — 


Per  unit  of  Coke. 

0. 

D. 

B. 

▲▼orac< 

Combustion  of  coke 

8,653 

8,580 

8,258 

8,497 

Contained  in  Uast 

684 

674 

906 

671 

4,187 

4^154 

4»164 

4,168 

Carried  off  in  gases 

897 

869 

365 

877 

*  Useful  equivalent 

8,790 

3,785 

8,799 

3,791 

^  The  samples  of  gas  were  not  taken  in  the  manner  now  practised  in  the  Clarence 
Iaboratoi7,oViz.  over  a  period  of  a  couple  of  hours,  hut  over  very  short  periods  only. 
Professor  Akerman,  in  a  private  letter,  expresses  his  belief  in  their  general  correct- 
ness, and  points  out  that  the  quantity  of  ruel  consumed  corroborates  thb  view.  In 
this  I  entirely  agree;  because,  if  the  weight  of  charcoal  for  a  given  quantitv  of  pig 
is  truly  stated,  the  quantity  burnt  to  the  state  of  carbonic  acid  is  necessary,  m  order 
to  provide  the  quantity  of  heat  required  for  the  operation. 
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In  like  manner  we  may  take  a^  $y  f  9A  illoBtrating  the  best 
examples  of  the  charcoal  piocesB : — 


Per  unit  of  OharooaL  a.  e.  /.  Ai 

Combustion  of  charcoal...        8,776  8,626  8,74S  8,717 

Contained  in  blast         ...  169  268  868 


8,945  8,894  4,111  8,988 

Carried  off  in  gases       ...  266  242  186  281 

Useful  equivalent  ...        8,679  8,652  8,926  8,752 


Practically  coke,  as  sapplied  by  the  Durham  collieries,  may  be 
considered  dry,  while  the  samples  of  charcoal  chosen  for  iilnstration 
contained  9  per  cent,  of  moisture.  With  this  allowance  the  two  sets 
of  figures  stand  thus : — 


DiyOoktt 

Combustion  of  the  dry  fuel,  average     ...        8,497  ...  4,064 

Contained  in  the  blast               „           ...           671  ...  292 

4,168  ...  4376 

Carried  off  in  the  gases 877  ...  253 

Useful  equivalent 8,791  ...  4^28 


Viewed  in  this  way,  charcoal  as  burnt  affords  about  8*5  per  oent 
more  available  heat  than  is  obtained  from  Durham  coke  of  &ir  quality. 
There  is  however  no  proof  whatever  that  the  heating  power  of  vege- 
table exceeds  that  of  mineral  carbon;  but  there  does  appear  ample 
reason,  accepting  the  correctness  of  the  quantities  of  charcoal  stated  to 
be  consumed  in  these  examples,  and  of  the  analysis  of  the  gases  as 
representing  an  average  composition,  for  believing  that  the  dream- 
stances  attending  the  combustion  of  charcoal  differ  from  those  of  coke. 

There  is  not  any  material  discrepancy  in  the  loss  by  the  escaping 
gases  between  the  two  kinds  of  fuel — nothing  beyond  what  might  be 
expected  from  the  fsi/d  that  charcoal  contains  so  much  water,  the 
presence  of  which  must  necessarily  cause  considerable  cooling  of  the 
volatile  substances  as  they  leave  the  furnace.  The  great  difference  in 
the  calorific  power,  as  between  coke  and  charcoal,  arises,  as  has  been 
ahready  intimated,  &om  the  high  ratio  of  carbonic  acid  in  relation  to 
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carbonic  oxide,  which  is  generally  found  to  prevail,  when  using  charcoaL 
Is  consequence  of  this  it  appears,  although  the  same  numbers  have  been 
applied  in  estimating  the  calories  developed  by  both  kinds  of  fuel,  that 
one  nnit  of  charcoal  taken  as  dry  affords  by  its  combustion  with  air 
at  0^  C.  (32^  F.)5  fnlly  9  per  cent,  more  heat  than  coke,  viz.  4,87S 
calories  instead  of  3,497. 

Having  regard  to  the  high  price  of  charcoal,  it  is  somewhat  remark- 
able that  more  has  not  been  done  in  raising  the  temperature  of  the 
blast.  On  referring  to  the  list  of  the  Swedish  furnaces,  pp.  276  and  277, 
it  will  be  noticed  that  for  grey  forge  iron,  in  one  instance,  it  is  as  low 
as  80°  C.  (176°  F.)  and  that  the  average  is  only  184°  C.  (863°  F.) 
In  making  Bessemer  iron  the  highest  blast  heat  is  800°  C.  (572°  F.) 
and  the  average  273*7°  0.  (524°  F.)  It  is  true  that  in  most  cases  all 
the  escaping  gases  are  utilized  either  in  heating  the  air  or  in  calcining 
the  ore — the  blowing  power  being  usually  water — so  that  there  is 
usually  no  gas  to  spare.  On  the  other  hand,  notwithstanding  the  loss 
of  heat  in  all  special  air  heating  arrangements,  yet  a  much  less  expensive 
fbel  than  charcoal  can  be  used  for  the  purpose;  and  therefore  it  seems 
strange  that  more  attention  is  not  paid  to  so  important  a  question  as 
that  referred  to.  These  observations  have  particular  application  to  the 
&ct  that  in  the  coke  furnaces  (in  the  examples  given  at  page  281)  for 
each  unit  of  fuel  burnt  there  are  671  calories  due  to  the  blast  against 
292  per  unit  of  dry  charcoal. 

In  seeking  to  secure  any  great  economy  of  charcoal  by  increasing 
the  temperature  of  the  blast,  it  is  necessary  to  consider  the  difficulties 
which  have  to  be  encountered.  In  the  instance  given  of  the  Vordem- 
berg  furnace,  the  charcoal  consumed  is  12'60  units  per  20  of  iron. 
The  weight  of  the  blast  is  about  46  units,  having  a  temperature  of 
450**  C,  and  containing  therefore  4,770  calories.  Now  this  exceeds 
considerably  the  value  of  one  unit  of  the  fuel,  in  the  state  in  which  it 
is  delivered  to  this  Vordemberg  furnace  when  it  only  gave  4,111 
calories.  If  we  so  reduced  the  consumption  of  charcoal  as  only  to 
need  40  units  of  blast,  and  heated  that  blast  to  1,000°  C.  (1,832°  F.), 
the  heat  it  would  contain  would  be  represented  by  9,480  calories  or 
say  4,710  more  than  when  the  air  had  a  temperature  of  450°  C.  Now 
4,710  calories  is  equal  to  about  (|J }?)  1*14  units  of  charcoal;  which 
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represents  the  ntmost  eoonomj  to  be  obtained  by  raising  the  temperature 
of  the  blast  to  the  probably  unattainable  temperatore  of  1,000°  C. 

It  may  be  remarked  that  any  decrease  in  the  quantity  of  vegetable 
fuel  is  not,  as  in  the  ease  of  coke,  attended  with  any  material  decrease 
in  the  weight  of  limestone,  the  earthy  impurity  in  charcoal  being  baeic 
in  its  nature  and  insignificant  in  point  of  amount. 

The  arguments  employed  up  to  this  time,  to  prove  that  charcoal  as 
used  in  timber-growing  countries  does  not  differ  materially,  in  point 
of  quantity  required  for  a  given  amount  of  work,  from  coke  as  used  in 
England,  have  been  chiefly  founded  on  the  experience  of  fnmaoeB 
making  rich  pig  iron  for  the  converter.  Before  leaving  the  subject,  it 
may  be  expedient  to  say  a  few  words  on  the  practice  of  charcoal 
furnaces  when  making  white  iron.  For  this  purpose,  the  two  Yordan- 
berg  Aimaces  Nos.  2  and  8,  described  in  great  detail  by  M.  Friderid, 
are  selected;  the  former  of  these  is  stated,  page  274,  to  be  producing  a 
ton  of  pig  with  14*80  and  the  latter  with  12*60  cwts.  of  charcoal.^ 

The  heat  equivalent  of  one  unit  of  dry  charcoal  compared  with  coke 
and  calculated  in  the  manner  adopted,  page  279  (i.e.  allowing  it  as 
stated  by  Mr.  Friderici  to  contain  7  per  cent,  of  water),  stands  thus:— 

Vordernben  White  Iron.  Coke  of 

No.  S.  No.  3b  ATenco.        Dorfaam. 


Combustion  of  dry  fad 
Contained  in  the  blast 

...      3,900 
288 

4,080 
390 

8,965 
839 

3,497 
671 

Carried  off  in  the  gases 

4,188 
260 

4,420 
199 

4,304 
230 

4A68 
340 

Useful  coefficient 

..      8,928 

4,221 

4,074 

3328 

All  perhaps  that  need  be  said  as  to  these  two  instances  of  charcoal 
working,  is  that  the  high  state  of  oxidation  of  the  carbon  is  still  more 
conspicuous  than  in  the  production  of  Bessemer  iron;  while  the  extent 
to  which  the  general  fiind  of  heat  has  been  aided  by  the  heat  in  the 
blast  is  also  somewhat  higher — viz.  339  calories  instead  of  211,  which 

o 

latter  is  the  average  of  the  Sandviken,  Bangbro,  and  Guldsmetshyttan 
furnaces,  reckoned  upon  charcoal  in  its  dry  state. 

Experience  with  modern  Cleveland  furnaces  in  the  manufacture 

^  There  are  some  fp-ounds,  for  supposing  that  this  (12*60)  may  be  anderstated. 
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of  white  iron  is  not  snfScient  to  enable  me  to  speak  with  much  con- 
fidence on  the  heat  required  for  its  prodnction.  Taking  it  at  84,000 
calorieSy  as  against  58,000  for  that  made  in  the  Styrian  fomaces,  and 
taking  14  nnits  of  charcoal  as  sufficing  to  provide  this  latter  quantity 
of  heat,  we  should  require  20*27  units  of  charcoal  to  give  the  84,000 
calories  supposed  to  be  required  for  producing  white  pig  from  Cleveland 
ore.  This  is  probably  more  than  the  outside  quantity  of  coke  which 
would  be  needed  to  produce  this  quality  of  metal  in  a  fiimace  of 
15,000  cubic  feet. 

Apart  however  from  the  mere  quantity  of  fuel  required  of  the  two 
kinds,  there  are  differences  in  the  mode  of  working  frimaces  using 
charcoal  and  coke,  and  differences  in  the  way  in  which  the  heat  is 
produced  from  each,  which  deserve  especial  attention. 

We  have  to  begin  with  the  &ct  that  usually  the  make  in  a  charcoal 
furnace  is  much  larger,  in  relation  to  the  capacity,  than  it  is  in  a 
furnace  using  coke  as  the  fuel.  In  most  cases — certainly  it  is  so  in 
the  Styrian  furnaces — the  ore  to  be  treated  is  much  more  rapidly 
reduced  than  many  with  which  it  may  be  compared.  Professor  v. 
Tunner  some  years  ago  kindly  selected  for  me  a  group  of  specimens 
from  the  great  mine  at  Eisenerz,  which  were  subjected  to  examination. 
All  were  carefully  calcined  to  the  same  degree,  so  as  to  have  the  iron 
all  perozidised.  The  whole  were  then  placed  in  a  closed  vessel  of  iron, 
immersed  in  melted  lead  so  as  to  ensure,  as  far  as  possible,  the  exposure 
of  all  to  the  same  temperature.  This  temperature  was  about  400^  C. 
(752®  F.);  for  a  moi'sel  of  pure  zinc,  placed  alongside  them,*  softened 
but  did  not  melt. 


No.  1  was  calcined  unaltered  spathose  ore  (Fe  CO,). 
„    2  calcined  spathose  ore  slightly  altered  by  atmotpherio  influence. 
„    8        Yi  I,  changed  to  brown  hsomatite. 

„    4        M  „  II  brauner  glaskopf . 

;,    5        „  „  „  plauera. 

,,6        II      Cleveland  ore. 


The.  last  was  inserted  to  serve  as  a  standard  of  comparison,  being 
the  mineral  with  whose  properties  I  was  most  familiar. 
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Two  experiments  were  made^  in  which  pare  carbonic  oxide  was 
passed  throngh  the  vessel,  each  lasting  eight  honrs,  with  the  resalte 
given  below: — 

Number  of  Speolmeofl      ......          1.            3.            3.            4.             B.  6L 

O  removed  per  cent  /      Exprt.  1 77*73  91*31  29*50  42*92  17*18  41^1 

of  original  oxygen.  ^         „       2 65*30  74*10  30*30  40*80  17*00  99rM 

Carbon  deposited  per )          „       1 100      210  7*41  18*01      4-71  2^2 

lOOofFe.  ...J  „       2 1*56      2*00  7*20  18-50      4*70 


A  fresh  lot  of  the  above  specimens  was  then  exposed  for  8  haurs^ 
under  similar  conditions,  to  a  mixture  of  equal  parts  by  volume  of  CO 
and  COa.    The  results  were  as  under : — 

Knmber  of  Spaoliaani         ....  L  2.  i.  4.  &.  6L 

Original  O  removed,  per  cent.  29*20    81*20    12*89      971      6'48      9-85 

C  deposited  per  100  of  Fe     ...  NU.      NU.       NU.       Nil.      NiL       NU. 

In  order  to  imitate  more  nearly  the  conditions  of  the  blast  fomaoe, 
20  parts  of  calcined  spathose  ore  and  7  parts  of  bruised  charcoal  were 
placed  in  one  hard  glass  tube;  and  the  same  quantity  of  calcined 
Cleveland  ironstone,  with  8  pa^ts  of  pounded  coke,  were  introduced 
into  another.  Both  were  exposed  to  a  good  red  heat  in  a  Hofinan's 
double  gas-fomaoe  for  45  minutes,  while  a  current  of  oxalic  gas  (eqoal 
volumes  of  CO  and  COa)  was  conducted  over  the  mixture.  The  fol- 
lowing changes  were  noted : — 

Peroentece  of  Peroentaee  of 

Carbon  romored.      Oxygen  remoived. 

In  the  case  of  Eisenerz  ore  and  charcoal  ...        23*90        ...        31*00 
M        »,       Cleveland  ore  and  coke      ...  4*90        ...        17*40 

These  results,  together  with  the  fact  that  a  much  smaller  weight  of 
carbon  has  to  be  burnt  to  supply  the  lesser  quantity  of  heat  needed  for 
smelting  Nos.  1  and  2  (the  usual  description  of  Eisenerz  ore  treated  in 
the  Yordemberg  blast  fiimace),  render  it  quite  intelligible  that  the 
reduction  of  such  a  mineral  as  this  spathic  ore  should  proceed  mndi 
more  rapidly  than  in  the  case  of  Cleveland  ore,  and  that  a  given 
capacity  of  fomace  should  be  able  to  do  much  more  work. 

The  trials  just  described  indicate  that  the  softer  charcoal  acts  more 
readily  both  on  the  oxide  of  iron  of  Eisenerz  and  on  carbonic  acid, 
than  the  harder  coke  can  act  either  on  carbonic  acid  or  on  the  more 
stubborn  ore  of  Cleveland. 
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A  series  of  experiments  was  then  undertaken,  with  a  view  to  ascer- 
tain the  behaviour  of  charcoal,  as  compared  with  coke,  when  exposed 
to  heated  carbonic  acid. 

Hard  coke,  soft  coke  and  charcoal,  ponnded  as  nearly  as  possible 
to  the  same  size,  were  placed  in  hard  glass  tubes  which  they  filled,  and 
were  then  raised  to  a  good  red  heat  in  a  Hofinan's  double  gas-furnace. 
Dnring  the  space  of  80  minutes  800  c.c.  of  carefully  dried  carbonic  add 
was  passed  over  each  specimen.  The  issuing  gases  had  the  following 
Tolxunetric  composition :-— 


HMdCoko. 

Soft  Coke. 

CharoosL 

Cftrbonicadd    ... 

...      d4-56 

... 

69-81 

•  •• 

85-2 

Carbonic  oxide  ... 

5-44 

... 

8019 

•  •  • 

64-8 

lOOW        ...      lOOKX)        ...      100-00 


As  in  former  experiments,  the  soft  coke,  it  will  be  seen,  reduced  a 
much  larger  quantity  of  GOi  to  the  state  of  GO.  In  the  present  trials 
the  soft  coke  has  produced  about  6  times  and  the  charcoal  about 
12  times  as  much  carbonic  oxide  as  the  hard  coke;  and  it  has  to  be 
noted  that,  owing  to  its  lightness,  the  weight  of  charcoal  filling  the 
tnbe  was  only  half  that  of  the  coke. 

A  mixture  of  20  grains  of  calcined  Austrian  spathose  ore  with  7 
grains  of  charcoal,  and  another  of  20  grains  of  calcined  Cleveland  ore 
with  8  grains  of  hard  coke,  all  pounded  in  a  similar  manner,  were  placed 
in  two  hard  tubes  and  heated  to  a  bright  red  heat.  Three  litres  of  a 
mixture  of  100  volumes  of  GO  and  56  volumes  of  COb  were  passed  over 
each  in  45  minutes. 

The  loss  of  carbon  and  oxygen  was  as  follows: — 

"Lorn  of  C.     "Lorn  d  O. 
Per  Cent.     Per  Cent. 

Experiment  1. — Calcined  Anstrian  ore  and  charcoal  ...      22  46*2 

„         2. —        n      Clevdand  ore  and  coke        ...        &  22*3 

The  issuing  gases  had  the  following  volumetric  composition: — 

▲uftrlui  Ore  and  Olereland  Ore  and 

Obarooal.  Ooke. 

00.  CO,.  CO.  CO.. 

10  minutes  after  commencing    ...      100  180      ..,      100         177 

80  ,,  „  ...      100  41       ...      100  76 

46  „  „  ...       100  38       ...       100  82 
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The  eflPect  of  a  previous  strong  heat,  in  rendering  carbon  less  easQj 
acted  on  by  heated  iron  ore,  has  been  demonstrated  at  page  197  of 
the  present  work.  The  specimens  submitted  to  trial  were  exposed  for 
48  hours,  together  with  Cleveland  calcined  ore,  to  a  temperature  of 
ftx)m  638°  to  682°  0.  (1,000°  to  1,080°  P.),  and  the  percentage  of 
original  oxygen  removed  was  noted: — 

OwboDfrom  GtaaraMldiiel 

diasoolated  OO.  O  renoved 

O  ramoTed  from  Ore.  from  Ore. 

Per  Oont.  Fier  Oaot 

Before  ignition 2*49  ...  6*50 

After  previous  ignition  of  carbon  for  48  hours  '32  ...  172 

Results  similar  in  character  are  described  by  my  friend  Professor 

o 

Akerman  as  having  been  obtained  in  the  laboratory  of  the  Stockholm^ 
School  of  Mines.  Specimens  of  charcoal  and  Durham  coke  were  then 
submitted  to  a  current  of  carbonic  acid  at  different  temperatures  with 
the  following  results: — 

Length  of 
Stratom. 

JAdm. 
Charcoal 100 


t» 


100 

,(  •  >  *  • .  •  X w 

Durham  coke       ...        100 


»> 


100 
100 


TeoiDerature  during 
K^qwrimenta. 

•0.               •F. 

of  CO  after 

exposnreto 

Ouboa. 

Q 

319 

606 

00 

393 

740 

0-4 

918 

1,684 

13-0 

832' 

630 

00 

486 

906 

0-3 

906 

1,663 

2-6 

Previous  ignition  of  the  specimens  greatly  lessened  their  action  oife 
the  OOj,  as  will  be  perceived  in  the  following  Table: — 


Length  of 
Stratum. 

linee. 
Charcoal 80 


I) 


}9  •  •  •  •  •  ^  Ow 

Coke         100 


« 


100 


^imwrftture  during 
lEoperimenha. 

•  0.               •  F. 

FeiwntaceoC 

OOinUM 

after  ezsoaore 

(oOartxm. 

o 

616           969 

0-6 

741         1,366 

•8 

909         1,668 

1-6 

814         l,4d7 

0-1 

906         1,663 

1*0 

Professor  iLkerman  proceeds  to  observe,  very  truly,  that  the  action 
of  the  blast  furnace  is  such,  that  the  fuel  has  to  reduce  the  ore  as  well 

*  Translation  of  Report  on  Manufactures  of  the  United  States  in  "Iron.'' 
22nd  September,  1877. 
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as  to  provide  the  needfhl  heat  for  fufiion;  and  he  also  remarks  that  the 
more  speedily  any  CO,  formed  at  the  tuyeres  is  converted  into  CO  the 
better. 

I  would  point  out  that  although  the  power  of  carbon  in  charcoal 
and  coke,  as  both  are  delivered  to  the  blast  fiimaoes,  to  reduce  carbonic 
add  to  the  state  of  carbonic  oxide,  is  expressed  by  the  ratio  13  to  2*5 
(according  to  the  Stockholm  experiments),  yet  after  previous  ignition  it 
is  altered  (according  to  the  same  experiments)  to  the  ratio  of  1*6  to  1*0. 
Under  these  circumstances  it  may  fairly  be  considered  whether,  after 
charcoal  has  been  exposed  to  previous  ignition  in  the  blast  furnace,  the 

o 

temperature  being  &r  above  those  mentioned  in  Professor  Akerman's 
experiments,  there  is  any  difference  between  coke  and  charcoal  in  their 
power  to  resist  the  action  of  carbonic  acid.  Indeed  it  seems  possible 
that,  at  the  higher  temperatures  which  obtain  in  smelting  iron, 
charcoal  may  not  be  rendered  less  liable  to  attack  by  carbonic  acid 
than  coke  is.  It  may  be  also  that  the  easily  reducible  ores  of  Austria 
part  with  their  oxygen  in  an  atmosphere  possessing  a  less  energetic 
deoxidizing  power  than  that  required  for  such  ores  as  are  commonly 
treated  in  the  furnaces  of  the  United  Kingdom. 

Whatever  inference  the  experiments  just  described  may  point  to 
as  regards  the  action  of  carbonic  acid,  generated  by  the  reduction  of  the 
ore,  on  charcoal  and  on  coke,  there  is  no  question  that  in  furnaces 
using  charcoal  the  ratio  of  carbonic  acid  to  carbonic  oxide  is  generally 
much  larger  than  in  furnaces  using  coke.  It  is  indeed  this  very  excess 
of  carbonic  acid  in  the  gases  which  enables  charcoal,  with  less  heat 
contributed  by  the  blast,  to  give  better  results,  in  a  heat  producing  point 
of  view  than  coke. 

At  page  282  figures  were  given  to  illustrate  the  nature  of  the 
difference  in  question.    These  were  as  follows : — 


Combastion  of  fuel  in  dry  state ... 
Contained  iu  blast           

Coke. 
3,407 
671 

4,168 
340 

Dried  CharooftL 
4^084 

292 

Carried  off  in  gases         

4,376 
253 

Useful  equivalent  in  furnace     ... 

3^28 

4,123 

s 
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Now  it  will  be  perceived  that  so  far  as  the  analTses  enable  ns  to 
judge  there  appears  to  be  a  larger  proportionate  quantity  of  carbonic 
acid  in  the  gases  of  these  charcoal  furnaces  making  white  iron,  as  freJl 
as  in  some  of  those  producing  Bessemer  iron^  than  in  any  of  the  analjses 
of  the  gases  of  the  coke  furnaces  made  at  the  Clarence  works. 

It  is  of  course  this  larger  ratio  of  carbonic  acid  as  compared  with 
the  carbonic  oxide  which  raises  the  co-efficient  of  heat  in  the  case  of 
charcoal — 4,128 — so  much  beyond  that  of  coke — 3,791. 

It  has  been  shown  at  page  287  that  soft  coke  is  more  readily  affected 
by  COs  than  hard  coke;  and  the  experience  of  the  laboratory  is  con- 
firmed by  that  of  the  furnace,  as  has  already  been  demonstrated,  pages 
101  and  196,  by  the  disappearance  of  carbonic  acid  from  the  gases, 
when  using  soft  coke,  and  by  the  increased  weight  in  the  fuel  consumed 
for  a  given  weight  of  iron. 

Q 

Professor  Akerman  observes  that,  anthracite  being  denser  than  coke, 
more  of  the  former  is  required  than  of  the  latter  to  smelt  a  ton  of  iron. 
By  a  parity  of  reasoning  he  supposes  that  the  superior  density  of  coke 
is  the  cause  of  its  inferiority  to  charcoal  as  a  fuel  in  the  blast  furnace. 
I  attach  much  more  importance  however  to  the  other  ground,  mentioned 
by  this  very  high  authority,  for  any  difference  there  may  be  in  the 
value  of  anthracite  as  compared  with  coke,  viz.,  the  tendency  it  has  to 
splinter,  thereby  blocking  up  the  air-passages,  and  interfering  with  the 
proper  access  of  the  reducing  gas  to  the  ore.  In  like  manner  the  more 
open  character  of  large  pieces  of  coke  affords  a  more  ready  exit  for  the 
ascending  gases — a  defect  which  does  not  obtain  in  the  more  closely 
packed  contents  of  a  charcoal  furnace.  This  inconvenience  is  remedied, 
in  the  case  of  anthracite  and  coke,  by  a  sufficient  addition  to  the  height 
and  cubical  capacity  of  the  fiimace.  Mr.  Birkinbine,  in  his  paper' 
referred  to  page  129,  describes  the  use  of  all  three  varieties  of  fuel  in  a 
charcoal  furnace  86^  feet  high,  with  boshes  of  9^  feet.  The  following 
are  his  figures  per  ton  of  iron,  using  an  ore  giving  about  40  per  cent, 
of  pig  iron  fed  with  ah-,  at  816°  C.  (600°  F.)  :— 

Charcoal  22*60  cwts.    Coke  81*19  cwts.    Anthracite  34*56  cwts. 

Now  it  is  well  known  that  in  a  suitably  constructed  fumaoe,  instead 
of  these  excessive  quantities,  22*50  cwts.  of  coke  and  about  24  cwts.  of 

*  Transactions  of  American  Institute  of  Mining  Engineers,  September,  1879. 
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^mthracite  are  able  to  prodnoe  a  ton  of  pig  iron  from  such  an  ore  as 
that  referred  to. 

Mj  opinion,  already  expressed  in  these  pages,  is  that  carbonic  oxide 
is  incapable  of  completely  reducing  oxide  of  iron.  To  ascertain  how 
far  conditions  which  obtain  in  the  laboratory  are  reproduced  in  the 
blast  furnace,  a  portion  of  slag  was  withdrawn  from  a  few  feet  above 
the  tuyeres  at  a  furnace  running  a  grey  cinder  and  making  foundry 
grey  iron.  The  specimen  contained  1*22  per  cent,  of  protoxide,  while 
that  running  away  at  the  level  of  the  dam  had  only  *15  per  cent. 

It  is  worthy  of  observation  that  even  when  a  furnace  is  producing 
rich  Bessemer  iron,  the  cinder  is  not  absolutely  free  from  unreduced 
oxide  of  iron.  During  my  recent  visit  (September,  1882)  to  Neuberg 
in  Styria,  I  brought  a  snow-white  piece  of  slag  from  a  frimace  making 
x^harcoal  Bessemer  pig,  and  found  that  it  contained  '19  per  cent,  of  FeO. 

Our  present  enquiry  however  is  not  directed  to  mere  traces  of  iron 
oxide  in  the  slag  but  to  a  quantity  of  from  8  to  5  per  cent.^  which 
renders  the  latter  dark  in  colour,  and  is  the  cause  of  the  iron  being 
white  instead  of  grey.  All  my  observations  go  to  prove  that  the  last 
portions  of  oxygen,  short  of  the  trace  which  is  irremovable  by  carbonic 
oxide,  hold  to  the  iron  with  great  tenacity.  It  is  therefore  easy  to 
comprehend  that  the  hearth  of  a  fiimace,  from  insufficiency  of  heat  or 
perha})8  from  an  excess  of  carbonic  acid,  may  arrive  at  a  position  of 
equilibrium  before  all  the  oxide  can  possibly  be  reduced  to  the  metallic 
state.  This  insufficiency  of  heat  proceeds  no  doubt  from  the  charcoal 
having  to  carry  a  load  of  ore,  when  making  white  metal,  beyond  that 
which  it  is  capable  of  raising  to  the  temperature  required  for  complete 
reduction. 

Notwithstanding  the  very  high  percentage  of  carbonic  acid  given 
as  the  occasional  product  of  some  of  the  charcoal  furnaces  we  are 
examining,  the  quantity  of  this  gas  is  much  below  that  actually  pro- 
duced by  the  action  of  carbonic  oxide  on  the  ore.  This  quantity  was 
mentioned,  page  87,  to  be  equivalent  to  6*58  units  of  carbon  as  carbonic 
acid  for  every  20  units  of  pig  iron  produced.  In  the  six  Swedish 
furnaces  examined  in  detail,  the  maximum  weight  of  carbon  for  the 
same  quantity  of  iron  was  5*83  and  the  minimum  8*91,  the  average  of 
the  whole  being  4*88.    At  the  two  furnaces  of  Vordemberg  the  average 
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was  4*908.  In  the  gases  from  modern  furnaces  in  Cleveland,  usiog^ 
coke,  I  have  met  with  as  much  as  6*52  nnits  of  carbon  per  20  of  iron 
in  the  form  of  carbonic  acid;  and  as  a  rule  it  is  not  much  under  6  unitB^ 
in  furnaces  of  modem  construction  in  that  district,  it  would  tha» 
appear  that  we  have  to  account  for  an  excessive  ratio  of  carbonic  acid 
in  the  escaping  gases,  at  the  same  time  that  25  per  cent,  of  the  carbon^ 
which  might  have  been  present  in  this  form,  has  disappeared. 

In  the  case  of  a  Cleveland  furnace  I  have  already  pointed  out  that» 
having  regard  to  the  temperature  of  the  escaping  gases,  an  average 
position  of  equilibrium  is  arrived  at  when  the  two  oxides  of  carbon  are 
found  in  the  ratio  of  a  little  under  one  volume  of  the  higher  to  two  of 
the  lower.  I  have  also  shown  experimentallj  elsewhere  that,  as  the 
temperature  was  raised,  the  reducing  energy  of  a  mixture  containing 
carbonic  acid  was  lowered.^ 

It  would  appear  however  that  in  all  the  charcoal  fiimaces  whose 
gases  have  been  examined,  carbonic  acid  exists  in  considerable  quantity 
at  depths  below  the  throat  which  I  have  never  met  with  in  any  furnaces 
in  Cleveland,  either  of  the  older  or  of  the  more  modem  type.  In  illustra- 
tion of  this  I  annex  the  following  examples,  giving  the  volumes  of 
cfirbonic  acid  accompanying  100  volumes  of  carbonic  oxide: — 


''^'™*^'^  ^^&^'  Examined. 


BiMt 


A. — Veckerhagen     ...  21  ...     BnnBeu  — 

B. — Clerval 83  ...     Ebelmeu        Cold  bUst. 

C. — B&rain 28  ...  Sheerer  and  Langberg  Hot  bUst. 

D.-— Wrbna 36  ...  TunnerandRichter ...           — 

E.—      „       36  ...  „                  „        ...  Hot  blast  400^  C. 

(752°  P.) 

F. — Cleveland          ...  48  ...  Clarence  laboratory  .. .  Hot  blast. 

The  following  Table  gives  the  distances  reckoned  below  the  throat, 
and  the  volumetric  quantities  of  CO,  per  100  volumes  of  CO: — 

y  12'  15'  — 

12  28  23  — 

17i'  184'  25i'  27J'tyinp. 

6         0         '2  0 

12'  15'  —  — 

42  29  —  — 

'  Chemical  Phenomena  of  Iron  Smelting,  page  29. 


A. — Yeckerhagen 

3'        4i' 

6' 

7r 

Vols.  CO,      .. 

36       50 

13 

11 

B.— aerval 

.  Throat.    4i' 

6J' 

13' 

Vols.  CO,      ... 

55       62 

61 

31 

C— BErom    ... 

2'        4|' 

7' 

9i' 

277     118 

67 

16 

SECTIOX  X. — BY  FUEL  USED  IN  BLAST  FURNACES. 


298 


D.— Wrbna 

ir    17' 

23' 

27' 

34' 

— 

Vols.  CO, 

126     163 

44 

7 

60 

— 

—       — 

jSi«^~"         9f                •  •  •                •  •  • 

Throat.  18' 

26^' 

28' 

32' 

84^' 

—      — 

Vols.  CO, 

67       40i 

6U 

44i 

42i 

7f 

—       — 

F. --Cleveland 

Throat.    9}' 

15*' 

21i' 

27i' 



—       — 

VoU.  CO, 

221       7i 

2 

3i 

5i 

* j.           ff                 •«■ 

Throat.  104' 

26' 

42' 

62i' 

66' 

70J'  Tuyeres. 

VoU.  CO, 

34         6i 

If 

3 

4i 

U 

0         2 

On  referring  to  the  examples  F  and  0,  which  contain  the  analyses 
of  the  gases  taken  at  different  depths  of  furnaces  smelting  with  coke, 
it  may  be  said  that  although  certain  quantities  of  carbonic  acid  are 
found  at  a  considerable  depth  in  the  furnace,  reduction  of  the  ore  is 
practically  completed  within  a  distance  of  25  feet  from  the  throat. 
Thus,  on  referring  to  the  quantity  of  oxygen  in  the  gases  of  an  80  feet 
iiirnace,  page  208,  it  will  be  seen  that  there  is  no  increase  of  oxygen  in 
the  gases  after  passing  a  depth  of  26  feet  until  the  depth  of  70}  feet  is 
reached,  and  there  the  small  increase  is  considered  as  being  due  to  a 
deoxidation  of  silica,  etc.,  together  with  other  minor  causes  as  described, 
in  Section  IX. 

A  striking  contrast  to  the  state  of  things  just  described  is  that 
afforded  by  the  list  of  charcoal  works  also  given  above.  In  these  not 
only  are  large  quantities  of  carbonic  acid,  as  compared  with  carbonic 
oxide,  found  in  the  gases  as  we  descend,  until  the  region  near  the 
tuyeres  is  reached,  but  the  reduction  itself  seems  not  to  be  effected 
until  the  materials  reach  this  the  hottest  zone  of  the  furnace.  This  is 
proved  as  follows: — 

Bitter  v.  Tunner  in  1871  made  at  my  request  a  careful  examination 
of  the  gases  of  the  Wrbna  furnace  (E  in  the  list),  37^  feet  high,  when 
smelting  the  spathose  ore  of  Eisenerz,  with  the  following  results 
by  weight: — 


N. 

H,ete. 

CO.. 

CO.                 1 

ToUUper 

100  Vols.  CO 

Voli.  CO,. 

Escaping  gases ... 

... 

6446 

•67 

21-47 

23-40  ->  100) 

^     57 

1 

n 

„    second  trial 

64-90 

•39 

20-90 

23-81  -  100 

18  feet  from  throat 

63-68 

1^01 

19-79 

26-82  -   100 

48i 

2.H      •» 

») 

64-57 

•27 

20-29 

24-87  -  100 

611 

28         „ 

»? 

66 

•24 

18-50 

26-26  -  100 

44^ 

32 

n 

64-34 

•20 

1814 

27-32  -  100 

42i 

2  lj[       }i 

9* 

57-36 

•11 

4-61 

37-93  -  100 

7f 
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From  these  figures  has  been  estimated,  as  nearly  as  my  information 
permits,  the  weight  of  the  oxygen,  separated  from  the  mineralB  and 
supplied  by  the  blast,  per  20  units  of  iron,  at  the  various  depths  just 
given.  In  the  Table  inserted  below  the  weight  of  this  oxygen  is  stated, 
together  with  the  weight  of  carbon  in  the  two  forms  of  carbonic  oxide 
and  carbonic  acid,  also  per  20  units  of  iron. 

A.  B.  0.  D.  &  F. 

ATemn       UH.         SSift         »ft  3Sfk       S4«  fL 

EsoapingOaMS.  (Tii7era0.V 

Carbon  ag  CO 10-11      ll-OS      10-66      1126      11-71     16-26 

„         CO.  ...  6*78        S'40       6-53        6*06        4-d5       1-25 


Total  carbon 16-89      16*46      16-19      16*80      16*66     17-51 

Oxygen  as  CO  ...        18'4S      14*74      14*21      16-00      1661      21*66 

CO,  ...        15*41      14*40      14*74      13*46      18*20       3*36 

Total  oxygen 28*89      2914      28*95      28*46      28*81      25-02 

Ratio  of  C  as  CO  to  1 

as  CO,  by  weight ...  176        2-05        1*93        2*23        2*37      12*89 

Per    100  vols.  CO    - 

Tols.  CO.     57  48f        51f        44i         42i  7f 

It  may  be  well  to  state,  in  reference  to  the  ratio  which  the 
reducing  gas  (CO)  bears  to  the  oxidizing  gas  COs,  that  in  each  case  the 
presence  of  other  reducing  gases,  such  as  hydrogen  and  marsh  gas, 
has  been  neglected.  This  has  been  done  purposely,  to  avoid  com- 
plication ;  but  the  subject  will  receive  attention  in  the  next  section, 
which  will  be  devoted  to  a  consideration  of  hydrogen  and  certain 
compounds  of  hydrogen  in  the  blast  furnace.  In  the  meantime  it  may  be 
mentioned  that  these  two  gases  often  constitute  about  one-tenth  of  the 
bulk  of  the  carbonic  oxide;  so  that,  in  taking  a  case  where  the  carbonic 
acid  was  67  volumes  per  100  volumes  of  carbonic  oxide,  if  the  hydrogtn 
and  marsh  gas  are  included,  the  ratio  is  reduced  to  52  volumes  of  COt 
per  100  of  CO. 

These  figures  indicate  a  very  moderate  increase  of  carbonic  acid 
between  the  points  C  and  A  and  practically  what  may  be  considered  as 
no  increase  of  oxygen  between  a  point  2^  feet  above  the  tuyeres  and 
the  escaping  gases;  in  other  words  that  the  reduction  of  the  ore  has 
been  delayed  until  it  reached  the  zone  of  fusion. 

In  a  furnace  using  coke,  the  upper  portion  of  the  furnace  has  such 
a  temperature  that  reduction  is  able  to  be  practically  completed  at  no 
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^reat  distance  from  the  throat,  say  within  one  fifth  of  the  entire  height 
in  a  fnmaoe  of  80  feet.  A  position  of  neutrality,  as  regards  deozidation 
by  the  gases  is  here  regarded  as  being  attained  when  one-third  of  the 
volnme  of  carbon  gases  is  fdlly  saturated  with  oxygen. 

It  becomes  interesting  and  important  to  know  the  rate  at  which 
the  temperature  increases,  as  the  lower  portion  of  a  charcoal  furnace  is 
reached.  Bitter  v.  Tunner  in  his  paper,  ah*eady  referred  to,^  describes 
a  mode,  in  which  he  expresses  great  confidence,  of  obtaining  this 
information,  in  the  case  of  a  frimace  having  a  height  of  about  87^ 
English  feet.  His  plan  was  to  place  in  a  properly  constructed  yessel 
alloys  of  lead  with  silver,  with  gold,  and  lastly  with  platinum.  This 
vessel  was  attached  to  a  chain  of  iron,  and  permitted  to  descend  with 
the  materials  to  a  given  level,  when  it  was  withdrawn  by  being  drawn 
up  through  the  charges.  The  temperature  was  then  ascertained  by 
finding  that  some  alloy,  the  melting  point  of  which  was  known,  had 
been  fused  in  the  operation. 

The  gases  are  withdrawn  from  this  furnace  by  a  lateral  tube  inserted 
in  the  side  of  the  fiimace  near  the  top;  escape  upwards  being  prevented 
in  a  great  measure  by  a  cylinder  of  sheet  iron,  which  is  kept  filled  with 
ore  and  fuel.  The  chief  part  of  the  gas  therefore  leaves  the  furnace  at 
a  temperature  of  820°  C.  (608°  F.)  and  only  a  small  part  at  50°  C. 
(122°  P.) 

If  we  compare  this  fnmaoe  with  that  shown  Fig.  I,  Plate  II,  page 
72,  a  remarkable  difference  is  perceptible.  In  the  latter,  which  is  a 
i^mace  having  a  height  of  48  feet,  the  temperature  at  a  height  of  20 
feet  from  the  hearth  is  given  at  1,850°  F.;  whereas  in  the  charcoal 
famaoe  shown  in  the  diagram,  a  zone  of  this  temperature  is  not  found 
nntil  a  height  of  only  10  to  12  feet  from  the  hearth  is  reached. 

o 

Experiments  of  my  own,  and  .others  by  Professor  Akerman,  referred 
to  page  288  clearly  show  that  both  coke  and  charcoal  are  less  liable  to  be 
acted  on  by  carbonic  acid  after  previous  exposure  to  even  moderate 
temperatures.  Both  sets  of  experiments  however  clearly  demonstrate 
that  the  resisting  power  of  charcoal  was  increased  to  a  much  greater 
extent  than  that  of  coke.  It  is  very  probable  that  this  difference,  in 
point  of  susceptibility  to  dissolution  by  carbonic  acid,  goes  on  increasing 

^  Theorie  des  Hants  fourneaux.     Revue  Universollc.  1860.    1^^  Scmestre,  p.  132. 
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with  increase  of  temperature;  and,  if  so,  it  is  intelligible  enough  that 
a  position  of  equilibrium  between  heated  charcoal  and  an  atmosphere 
containing  carbonic  oxide  and  carbonic  acid  may  be  established,  when 
the  latter  gas  exists  in  a  much  higher  ratio  than  obtains  where  heated 
coke  is  brought  in  contact  with  an  atmosphere  containing  the  same 
two  gases. ' 

There  appears  no  doubt  whatever  that  the  analyses  of  the  gases, 
quoted  at  page  294,  indicate  unmistakeably  that  they  were  then  charged 
with  oxygen  in  the  form  of  00,  so  low  down  as  the  point  E,  82  feet 
from  the  throat,  and  that  between  this  point  and  the  exit  they  have 
been  unable  to  withdraw  any  further  quantity  of  this  element  from 
the  ore  under  treatment. 

This  view,  as  to  the  delayed  action  of  the  gases  on  the  ore  (spathoee), 
which  thus  is  not  reduced  until  it  is  close  to  the  tuyeres,  i&  amply 
confirmed  by  the  experiments  of  Professor  v.  Tunner.^  In  the  same  piece 
of  apparatus,  by  means  of  which  the  temperatures  at  different  levels 
were  determined,  samples  of  ore  were  placed,  and  the  rate  of  deoxidation 
was  noted.    The  results  of  his  experiments  were  as  follows: — 


"^C  Temperatun,.  ^^Si^' 

Feet.  »€.  "  F.  Hoars. 


firomTop.  iempec»»ure.  Krposuie.  Progren  of  Sodactioo. 


15jtol7i      650  (1,202)  1        First  sigriy. 

25ito26        850  to  900    (1,562  to  1,652)        2        First  sigrns  of  metallic  iron. 

These  figures  do  not  coiTespond  in  any  way  with  the  temperatures 
at  which  reduction  first  manifests  itself  in  the  vai'ious  sample  of  ore,  etc., 
given  in  Section  V.  of  the  pi-esent  work.  Upon  this  latter  oocasion  ure 
had  to  deal  with  pure  carbonic  oxide,  whereas  in  Professor  v.  Tunner's 
trials  his  specimens  were  being  exposed  to  a  mixed  atmosphere,  con- 
taining for  every  100  volumes  of  the  reducing  gas  (CO)  about  50  of 
one  having  an  antagonistic  tendency  (COg). 

The  delay,  referred  to  above,  in  the  reduction  of  the  ore  is  however 
one  of  position  and  not  one  of  time.  It  is  true  that  when  the  ore  in  a 
coke  furnace,  smelting  Cleveland  stone,  has  reached  a  level  of  tcom 
one-fifth  to  one-third  of  its  height,  deoxidation  may  be  regarded  as 
complete;  whereas,  according  to  v.  Tunner's  experiments,  at  a  distance 
of  one-half  the  height  of  the  Wrbna  furnace,  it  has  barely  b^n. 
But  it  will  be  seen  that  while  in  the  Cleveland  furnace,  the  ore  has 

»  Revue  Univeraelle,  1860.    1™  Semestre,  page  460. 
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been  exposed  for  at  least  12  hours  to  the  gases,  in  that  of  Wrbna  it 
travels  half  the  height  of  the  furnace  in  one  single  hour. 

This  lowering  in  level  of  the  zone  of  redaction  gives  rise  to  the 
generation  of  carbonic  acid,  at  depths  when  little  or  none  is  formed  in 
the  coke  furnaces  with  which  we  are  comparing  that  of  Wrbna. 
Further,  it  may  be  obseived  that,  were  the  process  of  reduction  effected, 
in  a  fdmace  using  coke,  at  the  temperature  at  which  it  is  carried  on 
in  charcoal  furnaces,  it  is  most  probable  that  the  carbonic  acid  produced 
by  the  act  would  be  resolved  into  carbonic  oxide  by  the  highly  heated 
x»rbon  of  the  coke.  Under  these  circumstances  I  am  led  to  the' con- 
clusion, that  charcoal  has  its  power  of  resisting  the  solvent  action  of 
H^arbonic  acid  increased,  by  previous  ignition  at  elevated  temperatures, 
in  a  higher  degru  than  coke. 

In  seeking  to  assign  a  cause  for  the  different  modes  of  action 
<;xhibited  by  charcoal  and  coke,  I  labour  under  the  disadvantage  of  not 
being  able  to  test  the  accuracy  of  my  conclusions  (as  I  have  so  often 
done  from  time  to  time,  in  smelting  with  coke),  by  an  appeal  to  the 
furnace  itself.  All  I  can  do  is  to  consider  each  point  as  it  occurs,  and 
examine  it  by  the  information  in  my  possession.  As  an  example,  one 
may  conceive  that  as  time  is  an  element  in  the  deoxidation  of  the  ore, 
time  also  may  be  an  element  in  the  deoxidation  of  carbonic  acid  by 
•carbon.  Having  regard  to  the  make  of  a  Cleveland  furnace,  with  a 
capacity  of  25,000  cubic  feet,  the  weight  of  gases  escaping  at  the  throat 
may  be  taken  at  410  cwts.  per  hour;  whereas  from  the  Vordemberg 
furnace.  No.  2,  already  referred  to,  with  a  capacity  of  only  1,120  cubic 
feet,  51  cwts.  of  gases  are  passing  away  per  hour.  This  means  that 
the  current  of  gas  through  the  smaller  furnace  has  about  three  times 
the  velocity  of  that  passing  through  the  greater. 

When  however  we  come  to  compare  a  coke  furnace,  of  a  capacity  of 
(5,000  cubic  feet,  with  the  Vordemberg  No.  3,  of  3,664  cubic  feet,  the 
•case  assumes  a  different  aspect.  The  coke  furnace  of  6,000  cubic  feet 
•emits  about  222  cwts,  of  gases  per  hour  against  101  cwts.  given  off  by 
the  Vordemberg  No.  3,  of  3,664  cubic  feet.  Here  we  have  the  current 
of  gases  passing  through  the  coke  furnace  at  a  speed  about  one  and 
•one-third  times  greater  than  those  of  the  charcoal  furnace. 

"With  the  facts  as  just  stated,  it  may  be  considered  as  proved  that 
^he  escape  of  so  much  carbonic  acid  from  a  charcoal  fumace  cannot  be 
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set  down  in  any  way  to  its  want  of  opportunity  of  surrendering  one 
equivalent  of  its  oxygen  to  the  heated  carbon,  with  which  it  is  brought 
in  contact  during  the  process  of  smelting. 

Whatever  the  cause  may  be,  the  generation  and  retention  of  a  large 
quantity  of  carbonic  acid  near  the  tuyeres  renders  the  gases  contaimng 
it  incapable  of  acting  on  the  freshly  charged  ore,  exposed  to  their 
influence  on  their  way  to  the  point  of  exit.  This  altered  condition  of 
things  confines  more  than  four-fifths  of  the  entire  height  of  the  fnmflce 
to  the  simple  office  of  intercepting  the  heat  which  remains  unutilized^ 
after  reduction  is  completed. 

There  is  at  Schwechat  near  Vienna  a  pair  of  ftirnaces  using 
mineral  fuel  for  smelting  the  ore  of  Eisenerz  which  might  have  afforded 
an  opportunity  of  testing  the  soundness  of  the  conclusions  I  have  been 
led  to  form  on  the  subject  of  charcoal  smelting.  Unfortunately  I  am 
not  in  possession  of  all  the  data  required  for  undertaking  such  an 
examination.  At  these  works  a  mixture  is  employed  of  coke,  of  a  some- 
what inferior  character,  with  raw  coal.  The  consumption  per  20  unite 
of  pig  iron  was  given  at  22  units,  say  16  of  coke  and  6  of  raw  coal. 
The  impurity  of  the  coke  necessitates  the  use  of  limestone,  which, 
together  with  an  increased  weight  of  slag  and  other  sources  of  heat 
absorption,  etc.,  may  easily  account  for  the  increase  in  the  consumption 
of  fuel. 

Having  regard  to  the  low  temperature  to  which  the  blast  is  heated 
for  charcoal  furnaces,  we  are  naturally  led  to  ask  what  the  effect  would 
be,  as  regards  the  relation  which  the  two  oxides  of  carbon  bear  to  each 
other,  of  the  application  of  superheated  air;  for  this  is  the  question 
whose  answer  must  necessarily  determine  the  possibility  of  any  economy 
in  the  charcoal  used.  My  enquiries  at  Yordemberg  rather  tended  to 
the  conclusion  that,  when  13  or  14  units  of  charcoal  were  being  used 
per  20  units  of  iron,  there  had  not  been  any  notable  saving  effected  by 
raising  the  temperature  of  the  blast.  Bitter  v.  Tunner  on  the  other 
hand  expressed  to  me  his  belief  that,  by  suitably  increasing  the  heat  of 
the  air,  Bessemer  iron  might  be  produced  with  as  small  a  quantity  of 
fuel  as  is  now  required  in  making  white  iron.  He  does  nut  however 
state  that,  by  the  same  means,  white  iron  should  be  made  with  some- 
thing less  of  fuel,  although  this  inference  may  &irly  be  drawn. 

I  apprehend  nothing  short  of  actual  experience  can  settle  this  point 
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— all  I  would  do  at  present  is  to  express  an  opinion  of  what  might 
happen. 

Referring  to  what  has  preceded  on  this  sabject,  we  may  assume  that 
charcoal,  previously  ignited  in  the  furnace  at  a  temperature  of  1,850°  F., 
arrives  at  a  position  of  neutralitj,  as  regards  carbonic  acid,  when  this 
gas  exists  in  the  ratio  of  50  volumes  to  100  volumes  of  carbonic  oxide. 
The  effect  of  introducing  a  ftirther  quantity  of  heat  in  the  blast  would 
be  to  elevate  the  temperature  of  the  lower  zone,  say  that  between  E  and 
F,  page  294.  Such  a  change  might  at  once  alter  the  power  of  the  gases 
to  retain  so  large  a  ratio  of  carbonic  add  as  they  had  hitherto  held. 
Let  us  assume  that  5,600  calories  per  20  units  of  iron  had  been  so 
added,  and  that  the  addition  had  displaced  carbon  existing  as  carbonic 
acid,  to  the  extent  of  one  unit.  By  this  transfer  5,600  calories  would 
be  absorbed;  and  the  sum  of  the  heat  would  thus  remain  unchanged  not 
only  at  or  near  the  point  e  but  presumably  upwards  to  the  point  of  exit. 

One  of  two  things  would  happen;  either  the  ascending  gases,  en> 
riched  by  the  addition  of  the  unit  of  carbon  as  carbonic  oxide  referred 
to,  would  be  enabled  to  separate  a  corresponding  equivalent  of  oxygen 
from  the  ore;  or,  their  solvent  power  over  carbon  being  promoted  by 
the  increased  temperature  derived  from  the  superheated  air,  an  absorp- 
tion of  carbon  would  take  place,  which  would  reconvert  the  carbonic 
acid  generated  by  the  act  of  reduction  into  carbonic  oxide. 

In  the  first  case  there  would  be  an  economy  of  fuel  represented  by 
5,600  calories.  In  the  second,  the  heat  contributed  by  superheating 
the  blast  would  be  reabsorbed  by  the  diminution  in  the  quantity  of 
carbonic  acid  contained  in  the  gases:  in  other  words,  there  would  be 
no  economy  in  the  charcoal,  and  the  heat  generated  to  superheat  the 
air  would  be  so  much  loss. 

A  third  contingency  might  arise,  viz.  the  quantity  of  carbonic  acid 
in  the  gases  might  suffer  a  diminution  short  of  that  required  to  absorb 
the  5,600  calories:  in  that  case  there  would  be  a  corresponding  economy 
of  fuel;  but  to  what  extent  this  would  happen,  my  information  on  the 
subject  does  not  enable  me  to  conjecture. 

As  bearing  upon  this  question,  it  may  be  well  to  mention  that 
Hitter  v.  Tunner,  in  his  paper  on  the  theory  of  the  blast  furnace 
written  about  1860,  gives  the  consumption  of  charcoal  in  the  Wrbna 
furnace  at  about  14  units  per  20  of  pig,  the  blast  being  heated  to 
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200""  C.  (892^  F).  Subsequently  the  temperatui-e  of  the  blast  wbb 
raised  to  400°  C.  (752°  F.),  when  the  conBumption  of  charcoal  was  given 
as  being  18*20.  Whether  the  saving  was  solely  due  to  the  change  in 
the  temperature  of  the  air  I  am  unable  to  say. 

It  may  be  well  to  work  out  approximately  the  temperature  of  the 
blast  required  to  eflFect  the  whole  of  the  saving  just  referred  to, 
supposing  the  same  to  be  possible.  This  I  propose  doing  upon  the 
basis  of  the  estimate  applied  to  the  Vordemberg  ftimace  No.  8,  page 
284 ;  in  which  however  it  appears  possible  that  the  consumption  of 
<;harcoal  was  somewhat  understated. 

Here  the  weight  of  charcoal  assumed  in  the  figures  of  M.  Friderid 
was  12'6  units  per  20  of  pig  iron,  requiring  about  46  units  of  air.  If 
tliis  quantity  of  fuel  is  reduced  by  1  unit  of  carbon,  or  say  1-2  units  of 
charcoal,  the  air  required  for  its  combustion,  oxidised  as  it  was  in  this 
case  would  be  about  41^  units. 

The  blast  in  the  estimate  (weight  46  units)  was  heated  to  450°  C. 
(842°  F.)  and  contained  4,950  calories.  Under  the  altered  conditions, 
the  weight  of  the  air  will  be  reduced  to  41^  units:  and  to  load  this 
quantity  with  10,650  calories  (4,950  +  6,600),  a  temperature  of 
1,063°  C.  (1,945°  F.)  would  be  necessary — a  temperature,  it  is 
conceived,  which  would  be  found  impracticable  to  generate  or  maintain. 

POSTSCRIPT. 

Since  writing  the  preceding  pages  of  the  present  Section,  No.  6, 
\o\.  III.  of  the  Journal  of  the  "United  States  Association  of 
<Jharooal  Iron  Workers"  has  come  to  hand.  It  contains  the  first 
account  I  have  met  with  of  the  application  of  superheated  air  to 
charcoal  furnaces,  as  well  as  some  particulars  of  similar  furnaces  blown 
with  air  of  more  moderate  temperatures.  The  descriptions  unfortunately 
do  not  embrace  all  the  data  required  for  a  proper  estimate  of  the  natore 
of  the  work  performed.  So  far  however  as  my  information  permits  1 
purpose  instituting  a  comparison  among  the  furnaces  in  question,  and 
between  them  and  some  of  those  already  referred  to  in  these  pages. 

The  ore  smelted  in  these  American  furnaces  is  very  rich,  and  con- 
tains so  little  impurity  as  to  require  a  very  small  addition  of  limestone. 

The  following  particulars  have  been  abstracted  from  the  journal 
referred  to.  The  whole  produce  was  gi'cy  iron,  d^ual  to  an  average  of 
something  above  No.  3 : — 
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Heixht  Tempe-ature            ^-^.^  Used  per  Ton  of  Pig. 

ofFomMe     ..of  of  tJSrTWw        ' * — * 

Fturnaoe.  BUwt.  »^  ^^^-  Ore.        LfanMtone.     OlutfooaL 

Feet.  •F.       •€.  Ton*.  Owto.           OwtB,            Owte. 

Detroit 53  Not  given.  41f  33*60  1*28  17*05 

„     One  month's 

make     ...      53         Not  given.  47  34*18  1*28  15*39^ 

Bangor 43  825    440^  40i  32*80  1*35  17*50 

Midland 53  900    482  42  34*83  3*2  15-54 

Martel     53       1,454    790  38i  33*55  '80  13*22 

From  the  yield  and  qnantity  of  limestone,  and  assuming  2  per  cent, 
of  ash  in  the  charcoal,  I  have  calculated  the  weight  of  slag  produced, 
and  the  heat  required  for  its  fusion  for  the  three  furnaces  of  which  the 
required  data  were  given: — 

Bangor,   5*51  cwta.  of  slag  per  ton  of  pig  needs  3,030  calories  for  fusion  of  the  slag. 
Midland,  9*20  „  „  „  5,060 

Martel,    6*34  „  „  „  3,490 

I  have  also  estimated  approximately  the  following  factors : — 

Funiace  Bancor.  Midland.  lIKartel. 

Weight  of  blast  per  20  units  iron,  cwt.    ...  51  ^  42 

„        Escaping  gases    „           „      ...  87  77  66 

Calories  in  blast                    „       5,318  5,492  7,864 

„         escaping  gases     „       (taken  at 

average  temperature  for  charcoal  furnaces)  4,176  8,696  3,168 

In  like  manner  the  approximate  quantity  of  heat  absorbed  is  a;^ 
follows : — 

Cla$8L— 

Bancor.  Bfldland.  Martel. 

Fusion  of  slag      3,030     ...     5,060    ...     3,490 

Decomposition  of  H,0  in  bUist  1,360  ...  1,360  ...  1,020 
Expulsion  of  CO.  in  ilux  ...  500  ...  1,184  ...  296 
Decompositionof  CO,  influx  ...  512  ...  1,216  ...  307 
Evaporation  of  H,0  in  fuel,  assum- 
ing 15  per  cent,  of  moisture  in  all  1,398  ...  1,242  ...  1,022 
CUus  iX— 

Reduction  of  iron           33,000  ...33,000  ...33,000 

Carbon  impregnation     1,440  ...  1,440  ...  1,440 

Reduction  of  metalloids 2,000  ...  2,000  ...  2,000 

Transmission  through  walls      ...  1,800  ...  1,800  ...  1,800 

Lost  in  tuyere  water      900  ...  900  ...  900 

Class  TIL 

Lost  in  gases       4,176    ...     3,696     ...    3,168 

50.116  52,898  48.443 
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The  heat  aflPorded  by  the  fdel  is  thua  estimated : — 

Bansor.  BOdland.  MvleL 


Heat  required  as  per  estimate 

of  requirements     

50,116     .. 

.    52398     .. 

..    48.448 

Heat  estimated  in  blast 

5,318    .. 

5,492    .. 

7,864 

Derived  from  charcoal ...        44,798    ...    47,406    ...    40,579 


From  the  figures  contained  in  the  above  statements,  the  heat 
afforded  by  the  fiiel  consumed  per  20.  units  of  pig  (burnt  with  air  at 
0°  C.  (82®  F.)  is  arrived  at  as  follows:— 


OftloriM 
Unite  Fa^      par  Unit  of 


Bangor 44,798     +     17*50     -     2,519 

Midland 47,406     +     1554     -     8,088 

Martel 40,579     +     18-22     -     3,069 

If  we  refer  to  the  heat  evolved  in  the  case  of  the  Swedish  and 
Styrian  Aimaces  given  at  pages  274,  276,  and  277,  it  will  be  found  the 
heat  equival^t  is  higher  when  the  blast  is  heated  to  more  moderate 
temperatures  than  that  indicated  by  the  figures  just  given: — 

Bjara-    Sefijlngv-  Suid-     ^^       Vordcrnberc      *««« 
hytun.      berg.       Tlken.    ^^     ^^^     ^^  3,     Am^ 

Temperature  of  blast, 

in  degrees  C.        ...     200       200       280       280       800       450       882-629"F. 
Percentage  water  in 

charcoal,      average 

Swedish  151%    ...       13         18         18        16  7  7        11 

Heat  from  combustion 

of  charcoal,  calories  8,776    3,077    2^94    8,808    3,626    8,748    8,321    • 
Heat     contained     in 

blast,  calories       ...      169       135       200       181       268       863       219 


8,945  8,212  2,594  8,484  8,894  4,111  8,540 
Less   carried   off    in 

gases,  calories      ...     266       218  817       281       242       185       251 

Net  heat  equivalent — ^—   

of  fuel      8,679    2,999  2,277    8,203    3,652    8,926    3,289 

Estimated  in  this  way  the  three  American  furnaces  give  ibe  fol- 
lowing figures  per  unit  of  charcoal,  as  it  is  received  (moist  weight):— 
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Trfflnpe»tnreo£bl«t»C.         440*  ^      "^      ^'"T 

o™„»>  *•    --  .  — --     -      -  «?i-i,oeo»P. 

t^ombnation  of  charcoal. 
CoDtamed  in  blast 

Ouried  off  in  gases 


Net  equivalent       . . .      2,586 


when  the  blast  is  increased  in  tl^   T  '^f  ^  ^"^  **««'^«J 
proportion  of  carbonic  acid  Z  ^7^^'Z  "''""  '^'  **»« 

off  on  the  application  of  anj^rh^I^rornTi:  ^^e^"  ^\" 
the  figures  before  us  we  are  labouring  nnde;  t^eTJ  T^^  ^"'^ 
being  informed  as  to  the  percent^  o^tt^r  in  t^T^'  f  °°* 
in  the  furnaces  of  the  UnSd  StaS  It  is  noM  V  ,  t"^'  °^ 
it  would  contain  more  moisture  th^latll"  the  /  T'V'"'' 
Swedish  fama^,  with  which  we  f^c^^^Z^^^T"''^' 
aw  the  average  for  these  four  ^ol^'Jl?,  ^r^^,  ^  ^^ 

3w^zz::Lrri-r  ^^^^--^^  -  --.our 

Average  temperature  of  blast  o*^ , « .. 

Combustion  of  charcoal  

Contained  in  blast  '"        ^'^^^  Calories. 

•..  171 

Loss  in  escaping  inses  ^'^^ 

**^^  -        ...  269 

Net  equivalent  

8,039 

of«»n~.ri,»af^»i  „®  "« 'o  fonn  an  opinion,  the  introduction 

^iT«i«nH-.«    ^  fr  u       ^'^"'^^  fiimaces,  has  been  attended  with  a 
aiminution  of  the  heat  evolvpH  hv  f k^  wv,  . ,  ..        - 

^  evolved  by  the  mere  oxidation  of  the  charcoal. 

'Bj  the  word  raperheated  T  m  •    ^.i, 

which  it  can  safelj  be  done  in  metS^iJ,^'.'  "  ^^*^  *^^®  *^«  temperature  at 
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This  is  plainly  perceptible  on  comparing  the  fignres  of  the  Swedish 
works,  where  8,137  calories  are  afforded  for  each  unit  of  charcoal, 
with  3,069  calories  at  Martel  and  with  2,519  and  8,088  at  Bangor  and 
Midland  respectively.  The  deficiency  of  heat  afforded  by  thecoma 
bustion  of  the  charcoal  is,  on  the  whole,  nearly  compensated  for  bj 
the  extra  heat  contained  in  the  blast ;  and  that  which  is  wanting  in 
this  respect  is  made  up  by  the  smaller  quantity  carried  off  in  the 
escaping  gases.  The  extent  of  this  last-named  item  is,  in  the  absence 
of  any  data,  an  assumed  one,  the  temperature  being  taken  as  the  same 
as  that  of  the  Swedish  fdmaces  and  the  above  saving  is  merely  the 
result  of  the  calculated  diminished  weight  of  the  gases  themselves. 

On  comparing  the  Midland  and  Martel  furnaces  alone  with  the 
four  in  Sweden,  the  use  of  air  heated  to  68G^  C.  (1,177^  F.)  in  the 
former  instead  of  227^°  C.  (441  F.)  in  the  latter  has  been  attended 
with  an  improvement  of  nearly  9  per  cent,  in  the  net  useful  effect  of 
the  fuel. 

The  pig  made  in  the  Martel  furnace  was  good  grey  iron, 
averaging  about  2*50 ;  and  at  first  sight  the  production  of  20  onit» 
of  such  qnality  with  18*22  units  of  fuel  seems  extraordinary  work. 
The  value  of  the  carbon  in  the  charcoal  used  is  further  enhanced,  after 
deducting  15  per  cent,  of  water  and  2  per  cent,  of  ash,  leaving  only 
10*98  units  of  actual  carbon  to  perform  the  work  of  the  fdmaces. 

To  compare  this  with  a  coke  furnace  using  22  cwts.  of  coke  per 
ton  of  iron,  we  will  assume  87,000  calories  to  represent  the  heat 
required  in  a  furnace  producing  Cleveland  iron.*  Now  22  of  coke 
containing  91  per  cent,  of  carbon  represents  20*02  of  the  latter  element. 
Adopting  these  fectors,  to  ascertain  the  heat  equivalent  of  the  10*98 
units  of  carbon  in  the  charcoal  as  compared  with  that  in  coke,  we  haTe 
20*02  :  87,000  : :  10*98  :  47,212.  On  referring  to  the  heat  considered 
approximately  (page  301)  as  being  required  for  the  iron  produced  in 
the  charcoal  furnace  it  will  be  seen  that  it  amounted  to  48,448  calories, 
so  that  according  to  these  calculations  one  unit  of  the  vegetable  carbon, 
burnt  with  superheated  air,  has  afforded  a  trifle  less  heat  than  the 
mineral  carbon  burnt  with  blast  at  about  1,000^  F. 

*  For  the  causes  which  render  so  mach  more  heat  being  necessary  to  prodace  s 
ton  of  piff  from  Cleveland  ore  tlian  from  the  richer  ores  treated  in  these  cbarrosl 
furnaces  the  reader  is  referred  to  the  elements  of  absorption  given  page  275  and 
elsewhere  in  this  work. 
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SECTION  XL 


ON  HTDEOGEN  AND  CERTAIN  HYDROGEN  COMPOUNDS 

IN  THE  BLAST  FURNACE. 

In  those  divisioiiB  of  this  work  which  have  dealt  with  the  redaction 
of  iron  ore  in  the  blast  famace^  carbonic  oxide  has  been  alone  con- 
sidered as  the  reducing  agent.  This  gas,  indeed,  has  been  regarded 
as  snfficmg  to  account  for  all  the  phenomena  which  take  place  in  the 
redncing  zone.  At  the  same  time,  on  referring  to  the  various  analyses 
given  in  previous  sections,  it  will  be  found  that  hydrogen  appears 
as  a  constituent  in  most  cases,  and  when  it  does  not  so  appear,  its 
omission  from  the  list  must  not  be  construed  as  an  indication  of  its 
entire  absence;  for  in  point  of  fact,  this  element,  in  greater  or  less 
quantities,  is  always  to  be  found  in  the  gases  which  are  generated  in 
smelting  iron. 

In  addition  to  the  reason  given  above,  for  not  complicating  the 
description  of  the  process  by  taking  any  account  of  the  small  weights 
of  hydrogen  which  are  present,  there  is  the  further  possibility,  that 
this  gas  may  be  nearly,  if  not  entirely,  inert  so  far  as  the  direct  office 
of  reduction  is  concerned.  This  statement  however  must  be  given 
with  some  little  reserve,  owing  to  the  difficulty  of  determining  the  be- 
haviour of  such  small  quantities  of  this  gas  as  are  usually  found  in 
fomaoeB  where  the  fuel  is  coke  or  charcoal. 

It  is  pretty  clear  that  the  moisture  in  the  air  or  the  introduction  of 
water  in  some  way  or  another,  as  by  accidental  leakings  from  the 
tuyeres,  will  account  for  the  presence  of  hydrogen  in  the  hearth. 
Nearer  the  throat  imperfectly  charred  wood  or  coal  will  be  a  frequent 
source  of  hydrogen,  as  well  as  of  its  carbon  compounds.  It  therefore 
becomes  impossible  to  say  whether  those  variations  which  occur  in  the 

T 
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quantities  of  this  element  foiind  in  the  escaping  gases,  are  due  to 
changes  in  the  quantity  of  water  decomposed  in  the  zone  of  Vision ; 
or  to  alterations  in  the  amount  of  hydro-carbons  liberated  in  the  upper 
zone  of  the  furnace;  or  to  a  certain  portion  of  these  hydro-carbons 
having  disappeared,  by  conversion  into  water  either  in  the  deoxidizing 
of  the  ore  or  through  other  reactions  to  be  presently  mentioned. 

As  an  example  of  the  varying  quantities  of  hydrogen  passing  off 
fk'om  a  coke  furnace,  I  would  refer  to  the  volumetric  analyses,  at  page 
178,  of  gases  taken  at  different  times  of  the  same  day  from  the  Wear 
furnace  having  a  capacity  of  17,500  feet: — 

Hour 11-45  12-20  12-40    1-0      1-20    2^      2^ 

Vol8.of  HperlOOofescapinggases...    1*1      8*3      8*8      2*1      8*2      2*2      4*0 

Ten  trials  at  one  of  the  Clarence  ftimaces  (page  196)  gave  an  average 
of  1*31  vols,  of  hydrogen  per  100  of  gases.  The  different  figures 
were: — 


Namber  of  trial  ...    1.      2.      8.     4.    6.     6.      7.      a      9.     10. 

Per  cent,  of  hydrogen...    1-6    1-5    1*5    -9    *8    1*0    1*6    1-4    1-4    1*6      1*81 

For  one  of  the  Clarence  furnaces,  of  25,500  cubic  feet,  the  following 
analyses  are  given  at  page  200: — 

PodttoninFarDMe.  AtToyaw.  3f2jhS£V 

VoIb.  of  H  per  100  voIb.  of  gases      ...        *8$  '76  -20 

Four  experiments  on  samples  of  gases,  taken  at  different  times  six  feet 
above  the  tuyeres  at  the  same  furnace,  gave  the  following  figures: — 

Ko.L        KO.S.  KaSL  Na  1 

Vols.  H  per  100  vols,  of  gases         ...        *2  1*3  1-8  -7 

In  all  the  instances  just  cited,  the  analyses  were  made  in  the 
ordinary  way,  by  explosion  with  oxygen  in  eudiometers.  Want  of 
accuracy  in  the  tubes  themselves,  and  the  occasional  smallness  of  the 
quantities  to  be  dealt  with,  induced  me  to  try  a  dififerent  plan;  for  I 
was  anxious  to  ascertain,  as  correctly  as  possible,  the  proportion  borne 
by  hydrogen  to  carbonic  oxide  in  the  ordinary  reducing  gas  of  the 
furnace. 

Three  litres  of  the  escaping  gases  were  drawn  from  the  Wear 
furnace,  and  passed  through  tubes,  containing  respectively  potash, 
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sulphuric  acid  and  chloride  of  calcium^  wherehy  all  carbonic  acid  and 
moiflfcore  were  removed.  The  gas,  consisting  then  of  nitrogen,  car- 
bonic oxide  and  hydrogen,  was  conductedover  red-hot  oxide  of  copper, 
which  converted  th&  carbonic  oxide  into  carbonic  acid  and  the  hydro- 
geninto  water.  By  this  treatment  the  following  quantities  of  hydrogen 
were  obtained  per  100  of  carbonic  oxide  present : — 

Hydrogen  to  100  of  00. 
LoMlttFllvoaiwIiiehgMMwrBwIUidniwii.  9yW«lcfat  I^VohiiiM. 

Avence.  Avorafai 

A. — Bacapiiiggasesnieanof  two  trials  ...     1*01^  ...     14*10  J 

B.~  Do.  do.  ...      *86(   -908     ...    12*04 ( 12*088 

c—  Do.  do.  ...    -s*)         ...  ii-re) 

D.—6i  feet  above  tuyeres *68'^  ...      8'82'^ 

>   -586     ...  >  8190 

B.—  Do.  *m)  ...      7*66) 

Let  us  suppose  the  case  of  a  furnace  emitting,  per  20  units  of 
iron,  gases  having  the  following  composition  by  weight : — 


0teb.Aeid. 

CHrb.Oxld«. 

HydiociBii. 

HttaPOflwi. 

TotelUnlta. 

28* 

85- 

-816 

80* 

e 

188-816 

At  the  tuyeres  there  would  be  a  mere  trace  of  oxygen  derived 
from  the  ore,  nor  would  there  be  any  carbonic  acid  aeparated  there 
from  the  limestone.  Approximately  therefore  each  20  units  of  iron 
would  be  accompanied  by  the  following  weight  of  gases  at  the 
tuyeres : — 

Oub-AcAd.      OHtkOiide.      Hjdiot«n-        Nitrogen.  TotelUnlta. 

NiL  47-  *276  80*  -  127*276  . 

In  both  cases  the  weight  of  the  hydrogen  is  computed  from  the 
weight  of  water  given  as  having  been  collected  after  passing  the  gases 
over  the  oxide  of  copper. 

We  then  have : — 

Unite  H. 

Hydrogen  for  20  units  of  iron  in  the  eflcapiog  gases «  *316 

„  „  „        at  the  tuyeres  as  ahove  '275 


Increase  in  the  escaping  gases     ...       -041 
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It  is  very  probable  that  part  or  even  all  this  apparent  increase  may 
be  due  to  hydrogen  given  off  by  the  coke;  but  what  seems  very  evident 
is  that  any  amount  of  reduction  effected  by  this  gas  is  of  a  very 
insignificant  character,  so  far  at  least  as  the  figures  just  given  are 
capable  of  affording  the  necessary  information. 

I  have  endeavoured  to  ascertain  from  the  labours  of  other  enquirers 
the  changes  which  hydrogen  and  its  carbon  compounds  experience 
during  their  passage  through  the  column  of  materials  which  fills  a 
blast  furnace.  These  gases  appear  in  the  following  quantities,  per  lOO 
volumes^  in  the  different  furnaces  below,  as  quoted  in  a  paper  by 
M.  Ebehnen.i 


Vkokbrhaobv 

(0HA.IIC0AL). 

Dqyfeh     Hydrogen 
from    and  fi[ydro- 
Tbroat.      cftrbons. 

Feet. 

2  4.-69 

4-5  4-37 

6  4-62 

7-6  4-01 

9*0  4-23 

120  3*99 

15*0  8-94 


Olkrtal 
(Ohabooal). 


Ba&ux 

(OHAJtOOAL). 


SrauiKa 

(OOKS). 


Depth 

from 

Throat. 

Feet. 
At  throat. 
2i 
6f 
18 

m 

18i 
25^ 
27 


Hydroffen 

andHyoro- 

carbous. 


5-82 
6-90 
5-44 
8-82 
8-50 
1-92 
1*42 
1-25 


Depth  Hvdroron      Depth   Hrdronn 
from     and  ELyoro-       from  and  HydiO' 

Throat  carbons.       Throat,    carbons. 

Feet 

8  4-83 

5^  4-81 

8     ^       5-78 

9^  2-28 

13  410 


Fbet. 
1 
4 
9 
10 
12 
45 


2-94 
2-45 
2-12 
2-15 
2-26 
-82 


Speaking  generally,  it  cannot  be  said  that  any  of  the  examples 
given  by  this  early  enquirer  into  the  action  of  the  blast  fiimace 
indicate  any  notable  deoxidation  having  been  effected  by  means  of 
hydrogen. 

I  have  not  been  able,  in  dealing  with  the  well-known  paper  of 
Messrs.  Bunsen  and  Playfair,  to  make  out  a  satis&ctory  statement 
from  which  I  can  calculate  the  weight  of  hydrogen  which  enters  the 
furnace,  with  a  view  to  compare  it  with  the  various  analyses  given  by 
these  chemists.  According  however  to  the  tabulated  results  given 
below,'  there  would  appear  to  be  a  notable  diminution  of  hydrogen 
and  hydro-carbons  between  the  point  d  and  the  point  a,  the  latter  being- 
close  to  the  point  of  final  escape. 

^  Axmales  des  Mines,  Tome  XIX.,  1881,  p.  89. 
'TmnsaetioiiB  of  British  Association  for  AdTBncement  of  Science,  1845,  p.  14S> 
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Throat 
Feet. 

NiferosBD. 

Cyanogen. 

Carb.  Aoid. 

Garb.  Oxide. 

Hydro-car- 
bons and 
Hydrogen. 

■ 

Vols. 

•a 

6 

5685 

— 

7-77 

25-97 

10-91 

- 

100 

h 

8 

64-75 

— 

9-42 

20-24 

15-59 

» 

100 

e 

11 

62-57 

9-41 

28-16 

14-86 

- 

100 

d 

14 

60-95 

— 

910 

19-82 

20-63 

= 

100 

e 

17 

56-40 

12-48 

1877 

18-81 

- 

100 

J 

20 

60-46 

10-88 

19-48 

9-23 

= 

100 

9 

28 

58-28 

trace 

8-19 

26-97 

6-56 

- 

100 

k 

24 

56-75 

trace 

10-08 

25-19 

7-98 

-> 

100 

• 

t 

34 

58-05 

1-84 

000 

37-48 

318 

_ 

100 

It  would  not  however  be  safe  to  connect  these  last  analyses  with  the 
idea  that  hydrogen  has  actually  served  the  purpose  of  reducing  any 
oxide  of  iron  in  the  furnace.  Among  a  vast  amount  of  valuable  infor- 
mation^ contained  in  the  paper,  there  is  an  absence  of  certain  factors 
required  for  making  a  close  comparison  of  the  behaviour  of  the  various 
gases  during  their  progress  upwards  among  the  materials.  Here  are 
indeed  certain  irregularities  in  the  composition  of  the  gases,  taken  at 
•different  levels  of  the  furnace,  which  &r  exceed  anything  I  have  met 
with  in  my  own  researches.  Thus  at  a  depth  of  24  feet  from  the  throat 
there  appear  to  be,  taking  79*2  units  of  nitrogen  as  a  standard  of 
comparison,  81*6  units  of  oxygen;  as  against  only  29'7  units  of 
oxygen  at  a  point  5  feet  below  the  top  of  the  furnace.  The  oxygen 
therefore  instead  of  increasing  as  we  approach  the  outlet  is  less 
than  it  was  24  feet  from  the  throat.  The  authors  of  the  paper 
admit  the  anomaly;  alleging  that  the  mean  composition  of  the  gases 
cannot  (^)be  determined  where  the  evolution  of  gas  by  distillation  is 
at  its  maximum.  This  may  be  true  as  regards  the  proportion  which 
hydrogen  and  its  carbon  compounds  bear  to  the  joint  quantity  of 
nitrogen  and  oxygen;  but  it  is  not  very  clear  why  the  relation  which 
these  last  mentioned  elements  bear  to  each  other  should  be  so  much 
disturbed. 

Viewing  the  instances  already  described  as  a  whole  it  cannot  be 
said  that  there  is  any  good  ground  for  believing  that  the  hydrogen 
of  the  gases  actually  assists  directly  in  reducing  the  ore.  At  the  same 
time  it  can,  one  would  suppose,  hardly  fail  that  a  powerfully  reducing 
gas  like  hydrogen  or  its  carbon  compounds,  must  assist  as  a  restraint 
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on  the  oxidizing  tendency  of  carbonic  acid.  By  this  I  mean  that  if 
50  volumes  of  carbonic  acid  were  found  in  the  gases,  aooompanied  bj 
100  volumes  of  carbonic  oxide  and  10  of  hydrogen,  we  should  in 
point  of  fact  have  110  volumes  of  the  reducing  gases  present  with  50 
volumes  of  the  oxidizing  gas,  bringing  the  ratio  of  the  former  to  the 
latter  up  to  100  :  45*4.  In  such  a  case  as  that  in  question,  I  am 
supposing  it  possible  that  the  process  of  reduction  may  be  entirely 
effected  by  means  of  carbonic  oxide;  but  that  at  the  same  time  the  lO 
volumes  of  hydrogen  are  acting  as  a  restraining  influence  to  the- 
carbonic  acid,  in  the  same  way  as  if  they  were  so  much  carbonic  oxide. 
Some  twelve  years^  ago  I  undertook  a  series  of  experiments  in  oider 
to  compare  the  action  of  hydrogen  with  that  of  carbonic  oxide  on 
oxide  of  iron  as  it  exists  in  Cleveland  stone.  The  ore  in  a  divided 
state  was  heated  in  a  glass  tube  and  exposed  to  a  current  of  the  gas; 
and  the  amount  of  reduction  was  ascertained  by  determining  the 
weight  of  the  water  formed. 

«««^  ^"£^tS£*  TlmeofExpowra  BflaoL 

A.  104''  to  127°  C.  (220°  to  260°  F.)  Half  an  hour.    No  ngn  of  aotioii. 

B.  199°  to  227°  C.  (390°  to  440°  F.)  Do.  SmaU  ngns  of  radactaon. 

C.  Qood    red  heat,   maximam    of 

single  Hofman's  gas  furnace    4  honrs.  Not  completely  reduced. 

D.  Sample  C,  after  exposure  for 

four  hoars  in  the  Hofman's 
gas  fomace,  was  heated  to  a 
white  heat  in  a  coke  fire      ...    1  hoar.  *  Perfectly  redaoed. 

These  trials  indicate  that  reduction  by  hydrogen  commences  at 
about  the  same  temperature  as  that  effected  by  carbonic  oxide  (vide 
p.  71). 

A  mixture  of  100  volumes  of  carboniQ  oxide  and  12  volumes  of 
hydrogen  was  then  passed  over  63*65  grains  of  Cleveland  stone 
(calcined)  in  a  tube  from  which  aU  air  had  been  carefully  expelled. 
The  tube  was  maintained  for  me^nd-a-half  hours  at  a  temperature 
short  of  a  red  heat,  zinc  remaining  melted  all  the  time.  The  current 
of  mixed  gases  was  continued  until  the  tube  and  its  contents  were  cold. 

*  Vide  Chemical  Phenomena  of  Iron  Smelting,  p.  118. 
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The  ore  was  foimd  to  contain  1*20  grains  of  deposited  carbon,  a 
ireight  equal  to  4*61  per  cent,  of  that  of  the  iron  present  in  the  ore. 
The  qnantity  of  oxygen  remoyed  was  about  68  per  cent,  of  that 
originally  combined  with  the  iron  in  the  mineral,  being  in  all  7'52 
grains. 

Oniu 
Gnlaa.  of 

Oxygen. 

The  total  water  collected  was 0*95     -      *86 


The  total  carhonic  acid  collected  was  ...        22*75 

From  which  deduct  that  due  to  the  di«ociation 

of  carhonic  oxide  (2  CO  -  CO,   +  C)  ...  4*40 


18-85     -     6-67 


Total  oxygen  separated  from  the  ore  equal  to 
45*2  per  cent,  of  that  required  to  form 

X  WA       ^^ft  •••  ••■  *■•  ■••  •••  f      Um 

Experimentally  it  had  been  ascertained  that  pure  carbonic  oxide, 
at  a  temperature  probably  about  800°  P.  (427®  C),  only  removed 
9*4  per  cent,  of  the  total  oxygen  in  the  Fcs  Ot,  in  seven  hours  from 
calcined  Cleveland  ore,  equal  therefore  to  1*34  per  cent,  per  hour. 

The  same  mixture  (of  100  volumes  CO  and  12  volumes  H)  was 
then  passed  over  68*85  grains  of  calcined  Cleveland  ore  at  a  very 
bright  red  heat,  during  one  hour,  with  the  same  precautions  observed 
as  in  the  previous  experiment. 

About  70  per  cent,  of  the  original  oxygen,  viz.  8*42  grains,  was 
expelled,  and  *88  grain  of  carbon  was  precipitated.  Calculated  in  the 
same  way  '58  grain  of  oxygen  had  been  removed  by  hydrogen,  and 
7*84  grains  by  carbonic  oxide. 

A  third  trial  was  conducted  at  the  white  heat  of  a  coke  farnace 
for  40  minutes,  the  ore  weighing  61*8  grains.  The  oxygen  reeved 
was  6'46  grains,  or  about  60  per  cent,  of  the  whole,  and  carbon 
deposited  only  '08  grains. 

Qnlns. 

The  hydrogen  had  removed  of  the  oxygen 1*42 

The  carhonic  oxide  da  do.        ...         ...        ...        5*04 

Total         6*46 
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The  amount  of  rednction  in  this  trial  would  no  doubt  have 
greater,  had  the  ore  not  fused  under  the  intenfie  temperature  to  which 
it  had  been  exposed. 

Taking  the  results  per  100  parts  of  ore  used^  and  over  sinodlar 
periods  of  time,  we  get  the  following  figures: — 

Experiment L  Experiments.    Experiment 8. 

MelUnsZino.    Bijf  ht  Bed.       mite  Heat. 

Gxams.  Gnine. 


Lost  of  oxjf^en  per  hour 7*86  12*23  15*68 

Carbon  deposited    do.      1*26  *55  "19 


Loss  of  oxygen        do.    due  to  H.        0*89  *84  3*44 

Do.  do.    due  to  CO.      6*97  11*39  12*24 


Total  loss  of  oxygen         7*86  12*23  15*68 

The  whole  of  these  experiments  seem  to  indicate  that  hydrogen, 
having  regard  to  its  volume,  is  the  more  powerful  reducing  agent 
of  the  two  gases. 

Notwithstanding  the  apparent  superior  affinity  of  hydrogen  for 
oxygen,  as  compared  with  that  of  carbonic  oxide,  it  cannot  be  considered 
as  satisfactorily  proved  that  the  water  formed  by  the  hydrogen  is  the 
consequence  of  its  union  with  the  oxygen  of  the  ore.  I  have  arrived 
at  this  conclusion,  because  I  ascertained  that  when  hydrogen  was 
passed  over  carbonate  of  lime  the  carbonic  acid  was  decomposed — the 
result  being  carbonic  oxide  and  water.  The  carbonate  of  lime  em- 
ployed was  Carrara  marble  containing  44  per  cent,  of  carbonic  add, 
and  mountain  limestone  containing  43*61  per  cent,  of  the  same.  The 
results  per  100  parts  of  carbonate  of  lime  were  as  follows : — 


• 

Substuice  used. 

Tempentare. 

Time  of 
ezposurB. 

Minates. 

00, 

00, 

notre- 
dttoed. 

00, 

redooed. 

Wiitav 

fOOBd. 

Marble 

melting  zinc 

40 

1*03 

019 

0*84 

0-55 

Mountain  limestone 

daU  red  heat 

SO 

3*21 

0*38 

2*83 

1*07 

Do. 

bright  red 

.30 

40*56 

21*42 

1914 

7*44 

Marble      

do. 

20 

43*47 

23*47 

20*00 

8*67 

Not  only,  as  has  just  been  shown,  is  hydrogen  capable  of  decom- 
posing carbonic  acid,  but  water  can  be  formed  at  the  expense  of 
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dxygen  in  carbonic  oxide.  Eqnal  volumes  of  the  two  gases  were  passed 
fcr  two  hours  through  pumice-stone  heated  to  a  dull  red.  The  water 
collected  weighed  1*2  grains  and  the  carbonic  acid  O'l  grain. 

A  similar  experiment  was  performed  with  the  pumice-stone  heated 
to  full  red.  The  water  collected  weighed  4*6  grains  and  the  carbonic 
acid  1'2  grains.  In  this  case  the  pumice-stone  was  blackened ;  and 
when  it  was  heated  in  oxygen  1*59  grains  of  carbonic  acid  were  ob- 
tained, equal  to  *43  grains  of  carbon;  which  must  have  been  deposited 
hj  the  dissociation  of  the  carbonic  oxide. 

Enough  has  been  advanced  in  the  present  section  to  prove  the 
difficulty,  perhaps  the  impossibility,  of  demonstrating  the  precise 
nature  of  the  part  played  by  any  hydrogen  which  may  be  present  in 
the  blast  furnace.  So  far,  however,  as  the  promotion  of  reduction  is 
concerned,  it  is  probably  immaterial  whether  this  gas  deoxidizes  the 
ore  direct,  or  whether  it  decomposes  carbonic  acid  with  the  liberation 
of  carbonic  oxide.  In  either  case  the  presence  of  hydrogen  must,  it 
may  be  supposed,  help  to  maintain  the  reducing  energy  of  the  gases. 

AU  my  experiments  tend  to  prove  not  only  that  this  energy  is 
intensified  by  the  co-operation  of  hydrogen  with  carbonic  oxide ;  but 
that  a  mixture  of  the  two  oxides  of  carbon  (CO  and  CO^)  had  its 
power  of  deoxidizing  iron  ore  increased  by  the  presence  of  this  third 
gas,  perhaps  beyond  that  point  which  might  be  expected  from  its 
relative  volume. 

Experiments  were  first  made  to  ascertain  the  mode  of  action  of 
mixtures  of  the  two  oxides  of  carbon  on  the  ore,  with  the  following 
results: — 

Hours  of  Peroentage  of  O 

Tempentan.  Om  Ex-  Aotion.  remoT«d 

posore.  per  hour. 

lOO    ^  f"»^^°»Zn.,aay    Calcined^    ^^  ^^^^  ^j 

100    46  \800PF.(42rC.)    Cleveland) 

(  6*8  per  cent. ) 
100    81  do.  do.  10}  •(     of  original  V     '66  per  cent. 

(     oxygen  lost ) 

100    50        low  red  heat  do.  6    18*55    do.  2'26     ,, 

A  mixture  was  then  made  resembling  somewhat  in  composition 
blast-furnace  gas ;  and  into  this  some  hydrogen  was  introduced.  It 
th^  contained  C0>  15-9,  CO  38*5,  H  42,  N  464  =  100  volumes. 
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In  this,  100  Yolames  of  redacii^  gases  oonsist  of  CO  88*86, 
H  11*14 ;  and  the  proportion  of  OO9  to  CO  is  47  yolomes  of  former 
bo  100  of  the  latter,  or  taking  the  CO  and  H  conjointly  (57*7  yolomes) 
we  have  42  yolomes  of  CO9  to  100  of  reducing  gases.  After  an 
exposure  of  10^  hours  to  a  temperature  of  say  842^  F.  (450^  C.)» 
antimony  melting,  the  loss  of  oxygen  amounted  to  11*7  per  cent,  of 
that  originally  combined  with  the  iron  in  the  ore. 

At  a  later  period  in  the  present  section  when  the  use  of  raw  ooal 
in  the  blast  furnace  is  being  considered  we  shall  be  better  able  to 
discuss  the  practical  yalue  of  hydrogen  as  a  reducing  agent. 

Messrs.  Baird  &  Co.  of  the  Oartsherrie  works  in  Lanarkshire  haye 
recently  introduced  a  new  industry  at  this  well  known  establishmenty 
which  promises  to  become  one  of  immense  importance  eyen  in  a 
national  point  of  yiew.  The  gases  from  two  of  their  blast  f umaoes  fed 
with  raw  coal  are  aspirated  by  means  of  a  large  yentilating  fan  throng 
huge  chambers  of  sheet  iron,  in  which  they  are  cooled  by  suitable 
means,  and  the  tar  and  ammonical  water  are  thereby  condensed. 
From  the  former  the  usual  oils  and  pitch  are  obtained,  and  the  latter, 
being  used  for  the  manufacture  of  sulphate  of  ammonia,  will  be  able 
to  render  yaluable  seryice  to  agriculture. 

The  ayerage  quantity  of  oxygen  in  the  coals  used  at  Oartsh^rie  is 
stated  to  be  11'06  per  cent.,  and  of  hygrometric  moisture  7'77  per 
cent.— or  per  ton  of  coal  2*212  cwts.  of  oxygen  and  1*554  cwts.  of 
moisture. 

Now  this  quantity  of  oxygen  if  united  with  hydrogen  and  added 
to  the  moisture  would  be  equal  to  451  lbs.  or  45*1  gallons  of  water. 

I  am  informed  by  my  friend  Alderman  Thomas  Hedley,  chairman 
of  the  gas  works  at  Newcastle-on-Tyne,  that  SO  gallons  of  water  are 
condensed  per  ton  of  coal  distilled.  A  similar  result  is  obtained  at  the 
coke  works  of  Messrs.  Pease  &  Partners,  in  which  the  coal  is  coked  in 
dosed  oyens.  The  Durham  coal  contains  on  an  ayerage  under  1  per 
cent,  of  water  with  from  10  to  11  per  cent,  of  oxygen,  which  latter, 
by  combining  with  hydrogen  in  the  coal,  will  afford  just  about  the 
80  gallons  of  water  referred  to.  According  to  Mr.  Cosh,  of  the 
Gartsherrie  works,  80  gallons  also  is  the  amount  of  water  condensed 
in  the  apparatus  referred  to  aboye ;  but  the  Gartsherrie  coal,  contain* 
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ing  7*77  per  cent,  of  moisture  and  folly  as  mach  oxygen  as  the  Dnrham 
ooal^  it  follows,  irrespectiye  of  any  water  formed  by  the  action  of 
hydrogen  as  a  reducing  agent,  that  a  good  deal  must  escape 
condensation  in  the  apparatus  used  for  collecting  the  tar  and  ammonia. 

In  the  Gartsherrie  coal  hydrogen  exists  to  the  extent  of  5  per 
cent,  of  the  weight  of  the  coal ;  equal  therefore  to  2  cwts.  for  every 
ton  of  pig  iron  made.  Assuming  each  ton  of  metal  to  contain  18*6 
cwts.  of  iron  (Fe),  there  will  be  7*97,  say  8  cwts.  of  oxygen,  to  be 
rooioved  in  the  process  of  its  reduction.  For  this  1  cwt.  of  hydrogen 
would  suffice ;  80  that  there  is  twice  as  much  of  this  element  present 
as  is  required  to  withdraw  all  the  oxygen  fix>m  the  oxide  of  iron. 

The  want  of  any  authentic  information  on  the  office  performed  by 
hydrogen  in  the  blast  furnace  induced  me  to  request  permission,  from 
a  friend  who  is  a  furnace  owner  in  Scotland,  to  extend  my  observations 
on  smelting  iron  to  cases  when,  instead  of  coke,  raw  coal  is  the  fuel 
employed.  Every  possible  fiEu:ility  was  extended  to  my  assistant,  Mr. 
Bocholl,  and  I  now  propose  to  examine  the  results  of  his  analyses  and 
observations. 

The  fuel  employed  at  the  furnaces  in  question  is  the  well  known 
splint  of  the  Lanarkshire  coal-field.  In  lumps  it  bums  without  any 
approach  to  fusion,  or  one  piece  adhering  to  another,  but  when 
powdered  and  heated  in  a  crucible  it  coheres  and  forms  a  dense  coke 
without  any  apparent  change  of  volume.  The  coal  appears  perfectly 
dry  to  the  eye  and  touch,  nevertheless  when  dried  at  100°  0.  (212®  F.) 
it  parts  with  more  than  11  per  cent,  of  water.  Its  constituents  were 
found  to  be: — 


Per  Cent.  Volatile. 

Water,  given  off  at  212°  P.,  11-62 
Carbon 66*00^    viz.,    68*41    fixed    and    12'59 


Hydrogen 
Oxygen ... 
Nitrogen 
Snlphnr... 


4-84. 
ll^VTotal 16-87 

•94) 

•59 
5-42 


lOOrOO  Total  gaseonii  constitnents  28*96 


816 


SECrriON  Xl.-^HYBBOOSN  IN  THE  BLA8T  FX7RNA0S. 


The  iroDBtone  employed  was  partly  calcined  black-band,  containmg 
1*84  per  cent,  of  iron  as  protoxide  and  48*68  per  cent,  as  peroxide, 
together  49*97  per  cent.;  partly  day-band  with  '48  per  cent,  of  iron 
as  protoxide  and  40*89  as  peroxide,  together  41*87  per  cent.;  and 
partly  Spanish  hematite  ore  containing  14*6  per  cent,  of  water. 

The  pig  iron  on  analysis  gave  as  follows: — 

Ozjgen  in  Ore  per  90  units  <tf  Pfl 
equlTalani  to 


•49 
■00 
•22 
•01 
•11 
7^66 


Carbon 

8-51 

Silicon 

2-16 

Sulphur 

•004 

PhoBphonu.. 

•86 

Titanium     ... 

•10 

Manganese  .. 

1-46 

Iron 

91-00 

99-084 

Total  oxygen  per  20  of  metal... 8*49 


The  particulars  of  the  two  furnaces  which  were  examined  are 
contained  in  the  following  Table: — 


Height 
Cubic  capacity 


FoniMeA. 
51  feet. 


FnmaoeB. 
74  feet. 


Weekly  make,  chiefly  No.  1 

iron      220  tons. 

Temperature  of  blast — 

•O.     -P. 
Minimum        405    762 

Maximum       5681,078 


...   6,500  c.  feet.     10,000  c.  feet,  of  which  only 

about  8,500  were  filled. 


220  tons. 


•O.     T. 

412    778 


...  472    881 

Average  of  7  obeerva- 1  475  887  !  ^!?"«®  °^  ®  ^^*^*-  \  427    800 

tions            ...        ...  J  (     tions          ...        ...  ) 

Temperature  of  escaping 
gases- 
Minimum       155    8I0;         138    280 

Maximum       298    568  254    490 


Average   (12  observa- )  o^y.    Q09  I  Average   (14  observa-).o^    ^. 
tions  over  4  hours)...  (  ^^    ^^  \     tions  over  3  hours)  f  ^^    ^* 


Raw  coal  used,  per  ton  of )      42*89 

cwts.  \ 


iron... 

'  Ironstone,  do. 

Limestone  do. 


do. 
do. 


37-46 
10^98 


42-89 

87-46 
10-98 
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Yolnmetiic  analyses  of  gases — specimens   collected  over   three 
hours: — 


FnrnfteeA. 


CO, 

CO 

CH^ 

C.H, 

H 

N 


$•84 

b. 
5^70 

80-77 

30-31 

3-40 

8-46 

•88 

•14 

6-65 

5-98 

62-96 

5442 

100-00        100-00 


FarnMeB. 

e. 

6-27 
2911 

2^84 
•24 

6-84 
64-70 

10000 


100  vols.  CO  accom- 
panied by  voU.  CO,     18-80  18-98        ...        21-64 

100  vols.  CO,  H  and 
hydrocarbons  accom- 
panied by  vols.  CO,    14-29  14*15        ...        16-06 


100-00        10000 


Carbon  in 

carbonic  acid 

2-44 

2-82 

Do. 

do.       oxide 

12-86 

12-85 

Do. 

do.       acid  taken 

asanity 

1 

1 

Do. 

do.       oxide      ... 

5-28 

5-82 

Fnmaoa  A, 

Oasfirom 

aboTetympi 

d. 

1-40 

82-96 


260 
68-04 

100-00 
4-25 


8-93 


Fomace  A 

FumaeeB 

Carbonic  acid 

a.          h  kept  fnU. 
8-96             8-52 

9-66 

Carbonic  oxide 

8002          28-82 

28-86 

Marsh  gas        

1-89            1-87 

1-59 

defiant  gas      

•87             "18 

•23 

Hydrogen         

•46              ^41 

•48 

Nitrogen           

5167         61-75 

5884 

Ammonia          

-07   Not  estimated.    .. 

•07 

Water 

6-57           8-50 

6-27 

100-00 

2-63 
1215 

1 
4-62 


The  analyses  marked  a  and  c  will  be  employed  in  the  estimates 
which  follow.  The  fomaces  were  charged,  when  a  and  c  were  taken, 
at  short  intervals,  according  to  the  nsnal  plan  followed  at  most  iron- 
works; whereas  when  the  sample  of  gas  h  was  collected  the  furnace 
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was  constantly  kept  full  to  the  chaining  plates.  It  has  also  to  be 
observed  that  ftimace  B,  being  found  too  high  to  work  satis&ctorily 
with  raw  coal,  was  only  filled  to  within  12  feet  of  the  top. 

The  total  weight  of  carbon  delivered  to  the  fiimace  per  20  nnits  of 
iron  is  as  follows: — 

FureaM  A.  V^uhsmB. 

Fixed  carbon  in  law  coal  at  63*41  per  cent.     ...    22*65  ...  22*66 

Carbon  of  YoL matter  in  do.  12*59        »  •••      6*84  ...  5*34 

Fixed  carbon  in  limestone  1*81  ...  1*81 

29*30  29-80 

To  obtain  the  carbon  in  the  permanent  escaping 

gases,  deduct: — 

Carbon  absorbed  by  iron      "70  *70 

Do.    in  tarry  matter        1*83  1*38 

2-03  208 


Carbon  in  escaping  gases 27*27  27*28 


The  weights  of  the  escaping  gases  per  20  nnits  of  iron,  computed 

in  the  manner  aheady  described  in  this  volume,  are  as  follows: — 

FvBKACE  A. — Sauplb  a. 

O.                    O.  H.  N. 

CO,     14*32     -       3'91     +     10-41  ...  —  ...  — 

CO       4808     -     20-58     +     27-46  ...  —  ...  — 

CH^    8-02     -       2*27     ...       —  +  *76  ...  — 

C,H^ -69     -        '61     ...       —  +  "OS  ...  — 

XX              •••               «••                /tB                         "                •••             ^"^  •■•                /9  •••  '                               I 

N          ...          ...     82*oo     ^         -"•       .••        ■""  »..  ^"^  •••  82*68                I 

NH,  ...                   -11     -        —      ...       —  ...  *02  +  "OO 

H.O 1061     -        —       +       9*34  +  117  ...  — 

Tar      1*66     -       1*37     +         '03  +  *16  ...  — 


Totals         ...  161*56  28*64  47*23  2*91  8277 


FcrsNACii  B. — Sample  e, 

0.               o.  H.  y. 

CO,     16*26  -  4*43  +  11*83  ...  —  ...  — 

CO      47*73  -  20*45  +  27*28  ...  —  ...  — 

CH.    ...         ...      2*67  -  201  ...       —  +  -66  ...  — 

CgH^  ...         ...         *88  ^  *83  ...        "~"  +  *0o  ...  -~~ 

H.Qi  _        ••• .01                 

« •  •                  » •  •                    OX  •  •  •  •  •  •  OX  ■  •  • 

JN                 .  •  •                «  •  •        0&§§  ^  "^^  •  •  •              ^^  • .  •  •**  •  ■  •  GfSwf 

NH, -11  -  —  ...       —  ...  -02+  -09 

H,0 10-66  «  —  ...      9*38  +  117  ...  — 

Tar      1*56  -  1*38  +         ■03  +  -16  ...  — 

Totals         ...  169*84  28*60  48*62  2*86  8986 
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The  items  of  absorption  are  thus  compated: — 


Oslories. 

Totals. 

Calories. 

Totals. 

^Fusion  of  ilag 

10,054 

10,054 

Deoompodtion  of  H,0  in  blast 

2,890 

8,162 

SxpaUion  of  CO,  in  minenlt 

4,044 

4v044 

Decompontion           do. 

4,192 

4,192 

Evaporation  H,0  in  ooal    ...  ) 
Do.                 in  hematite ) 

8,051 

8,051 

Expnlmon   of    volatile   carbon 

gaset  (H,  0,  and  N)  -  for 

12*28  units 

24,660 

48,791 

24,560 

49,068 

Clas9  IL 

Redaction  of  Fe,0, 

82,710 

82,710 

Carbon  impregnation 

1,680 

* 

1,680 

Reducing  Si  O.— P,0,  and  SO, 

4,266 

4^266 

Transmission  through  walls   ... 

8,658 

6,487» 

Fusion  of  pig  iron       

6,600 

6,600 

Carried  off  in  tuyere  water    ... 

1,818 

50,782 

1,818 

52,661 

Cla99  III, 

Carried  off  in  escaping  gases... 

9,856 

8,958 

Grand  total      ... 

109,379 

110,577 

In  the  elements  of  absorption  we  have  a  very  large  amount  of  heat 
devoted  to  the  ezpolsion  of  the  volatile  constituents  of  the  coal;  an 
absorption  with  which  the  low  temperature  of  the  escaping  gases, 
under  400°  F.,  is  connectecL  On  the  other  hand  there  is  a  not 
inconsiderable  contribution  to  the  supply  of  heat  through  a  certain 
amount  of  hydrogen  which  appears  to  have  been  oxidized.  This  is 
inferred  from  the  fact  that  there  appears  more  water  in  the  gases  than 
was  introduced  as  such  in  the  materials.  In  the  coal  and  ore  used 
per  20  units  of  iron  the  water  amounted  to  5*65  units,  whereas  there 
were  collected  for  this  weight  of  metal  10'51  units  of  water  at  furnace 
A  and  10*55  units'  at  furnace  B.  This  exhibits  an  increase  of  4'86 
and  4*90  units  of  water,  equal  to  *54  and  *55  unit  of  oxidized  hydrogen 
respectively. 

*  This  furnace  is  much  larger  and  yet  makes  no  more  iron  than  No.  1,  hence  the 
extra  allowance  for  loss  hy  transmission  through  the  sides. 
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The  heat  eyolved  is  therefore  thns  estimated: — 

Carbon  delivered  to  both  f  amaces  per  20  units  of  iron,  viz. 

42*39  of  coal  containing  53*41  per  cent,  of  fixed  carbon...        22*65 
Less  carbon  carried  off  with  an  eqaal  weight  of  carbon  in 

limestone      1*31 


Farnaoe  A. 

Buaple  a. 

Oaloriet. 

21*34 

HMt  ErolTed. 

FurnMeB. 
Ssmidec. 
Oaloriai. 

Earning  fixed  carbon  21*34  to  CO  ... 

51,204    21*34  to  CO 

...  51,204 

Of  this  C  as  CO  oxidized  3*93  to  CO. 

21,896    4*43    to  CO, 

...  24»808 

78,100 

76,012 

Combustion  of  hydrogen  *54           ••• 

18,360       56      ... 

...  18,700 

Contained  in  blast     

12,160 

11,920 

103,620 

106,632 

Having  regard  to  the  complicated  natnre  of  the  analysis,  etc.,  the 
figares  arrived  at  in  this  computation  of  heat,  as  referring  to  the  use 
of  raw  coal,  seem  fairly  satisfactory  on  both  sides,  the  difPerence  being 
under  6  per  cent. 

To  test  the  general  accuracy  of  the  analyses,  the  sources  of  the 
oxygen  and  hydrogen  are  compared  below  with  their  respective  amounts 
in  the  escaping  gases,  both  taken  from  furnace  A,  sample  a : — 

UdUb. 
Sources  of  oxygen :  In  the  blast  including  its  moisture...        25*73 

„     ore  „  „      ...  9*24 

„     carb.  acid  of  the  limestone...  8*50 

„     coal  including  its  moisture...  9*07 

47*54 
Weight  of  oxygen  as  per  analysis  g^ven  at  p.  818       . . .        47*28 

Difference  ...  '31 


Sources  of  hydrogen :  In  moisture  of  blast  ...  *08 

„  ore  ...  "OS 

coal  including  its  moisture...  2*89 

2*55 
Weight  of  hydrogen  in  various  forms  g^ven  at  p.  818  ...  2*91 


DifPerence  ...  '86 
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The  correctness  of  the  hydrogen  estimate  may  be  easily  affected  by 
differences  in  the  compoBition  of  the  coal,  changes  in  the  humidity  of 
the  air,  etc.,  or  by  leakages  at  the  tayeres. 

Although,  as  far  as  the  present  estimates  show,  there  is  a  distinct 
oxidation  of  hydrogen,  it  is  by  no  means  proved,  nor  is  it  probable, 
that  this  oxidation  is  due  to  the  direct  action  of  this  element  on  the 
ore.  On  referring  to  the  analysis  given  in  p.  815  it  will  be  found 
that  the  coal  contained  11*09  per  cent,  of  oxygen,  equal  therefore  to 
4'70  units  in  the  coal  required  to  smelt  20  units  of  iron.  Now  this 
quantity  of  oxygen  would  combine  with  '58  units  of  hydrogen,  which 
almost  exactly  corresponds  with  the  excess  supposed  to  have  been 
converted  into  water,  viz. — '54  and  '56  (v.  p.  819). 

There  is  of  course  no  doubt  that  the  moment  water,  in  the  form  of 
steam,  meets  with  highly  heated  iron  or  carbon,  the  latter  substances 
are  instantly  oxidized,  hydrogen  being  liberated. 

Being  wishful  to  compare  the  rapidity  of  this  action  with  that  of 
reduction  I  had  placed  in  a  porcelain  tube  10  grammes  of  very  pure 
hematite  ore  which  filled  a  certain  length  of  the  tube ;  and  immedi- 
ately beyond  it  7*061  grammes  of  spongy  metallic  iron,  reduced  from 
other  10  grammes  of  the  same  ore  by  means  of  hydrogen  gas ;  this 
iron  also  filled  the  diameter  of  the  tube. 

This  apparatus  was  filled  with  hydrogen  and  maintained  at  a  tem- 
perature approaching  that  of  melting  silver,  therefore  probably  a  little 
below  1,000°  C.  (1,800°  F.)  Two  litres  of  hydrogen  were  passed  over 
its  contents  during  a  period  of  one  hour.  The  gas  coming  in  contact 
with  the  ore  effected  a  certain  amount  of  reduction ;  and  then,  the 
resulting  vapour  of  water,  together  with  any  unchanged  hydrogen, 
meeting  with  the  heated  iron  sponge,  the  latter  was  partially  oxidized. 

We  had  thus  two  equal  quantities  of  iron  (7*061  grammes)  acting 
in  presence,  the  one  of  a  reducing  and  the  other  of  an  oxidizing 
atmosphere  at  the  same  temperature.    The  results  were  as  follows : — 

10  Qmnniflt  of  HcmAtite  Ore.  71)61  Grmmmet  of  Sponor  Iron, 

obteined  fkt>m  10  en.  of 

th«  suae  Hematite. 

Abecn-bed  Oxygen. 

Orammee. 

•5790 
•6476 
•6614 

•6298 


Experiment. 

X                          ••• 

Lost  Oxygen. 
Orammee. 

1^2799 

2 

1-6062 

3 

10964 

AverBge 

1-3276 
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Althongh  there  is  not  entire  nnifonnity  in  the  results,  we  are 
justified  in  inferring  that  reduction  proceeds  much  more  rapidly  than 
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oxidation;  the  average  relation  being  nearly  as  2  to  1,     , 'qqq=2'11. 

This  perhaps  is  no  more  than  might  be  expected;  because  we  have  the 
pure  hydrogen,  as  it  meets  oxide  of  iron,  sweeping  out  the  wateiy 
vapour  before  it,  whereas  the  metallic  iron  has  its  tendency  to  be 
oxidized  always  restrained,  so  long  as  both  actions  are  in  operation,  by 
the  presence  of  free  hydrogen. 

In  the  blast  furnace  itself,  the  small  quantity  of  water  to  be  decom- 
posed in  the  hearth  and  the  immense  surface  of  iron  it  meets  with 
render  decomposition  the  work  of  an  instant,  leaving  the  oxidized 
metal  to  be  reduced  by  the  highly  heated  carbon. 

Whether  hydrogen  promotes  reduction  in  the  upper  zone  of  a  blart 
furnace  or  not,  there  can,  from  what  has  preceded,  be  no  question  of 
it0  energy  as  a  deoxidizing  agent.  Under  these  circumstances  it 
becomes  necessary  to  consider  the  cause  of  there  being,  in  the  case  of 
these  furnaces  burning  raw  coal,  so  much  less  carbonic  acid  for  a  given 
weight  of  iron  than  is  found  in  the  gases  of  a  furnace  using  coke. 

If  we  refer  to  the  performance  of  a  furnace  having  a  capacity  of 
6,000  cubic  feet,  v.  page  244,  it  will  be  found  that  28-92  cwts.  of  coke 
sufficed  to  produce  a  ton  of  iron.  For  this  quantity  of  iron  there  was 
5*47  cwts.  of  carbon  in  the  form  of  carbonic  acid.  On  the  other  hand 
in  one  of  the  Scotch  furnaces,  using  raw  coal,  there  was  only  4*43  cwts. 
of  carbon  in  this  condition. 

Let  us  first  contrast  the  circumstances  of  the  two  furnaces: — 


OokeFnrnMe. 

B*w  Ooftl  Funaoe. 

Capacity     cubic  feet 

6,000 

10,000* 

Fuel  used  per  ton  of  metal      cwts. 

28-92 

42*89 

Volames  of  carbonic  acid  per  100 

yolumes  carbonic  oxide 

31-31 

21-54 

Volumes  of  carbonic  acid  per  100 

volumes  CO,  H,  &c 

3118 

16-81 

Carbon  as  carbonic  oxide  per  one 

CasCO,            

4-06 

4-62 

Cubic  feet  of  gases  per  ton  of  iron*  237,146  (170*69  cwts.)  247,887  (160  cwts.) 

*  Only  about  8,600  cubic  feet  fiUed. 

'  Barometer  at  80  inches  and  thermometer  60^  F. 


i 
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These  figures  indicate  that  in  the  furnace  using  raw  coal  there 
passed  over  the  ore  about  4^  per  cent,  greater  bulk  of  gases  possessing 
for  an  equal  volume  a  higher  reducing  power  by  about  34  per  cent. 
(21-54  volumes  COa  instead  of  31*31)  than  in  the  coke  furnace. 
Nevertheless  there  is  per  ton  of  iron  23  per  cent,  less  carbon  as  carbonic 
acid  in  the  raw  coal  furnace  than  in  the  other  (4*43  instead  of  5*47). 

It  has  been  shown  (page  1 90)  that  strongly  roasted  ore,  like  black 
band,  is  less  susceptible  to  the  reducing  action  of  carbonic  oxide  than 
ironstone  in  a  more  moderately  calcined  condition,  like  the  ironstone 
of  Cleveland  as  it  commonly  comes  from  the  kilns.  If  this  were  so,  it 
is  possible,  notwithstanding  the  more  energetic  nature  of  the  deoxidizing 
zone  in  the  furnace  using  raw  coal,  that  a  quantity  of  semi-fused  black 
band  might  pass  down  unreduced,  until  it  reached  a  position  where  the 
temperature  determines  the  decomposition  of  carbonic  acid  by  carbon. 

To  remove  this  uncertainty,  the  same  friend  supplied  me  with  the 
particulars  of  a  furnace  smelting  Spanish  (Bilbao)  ore  with  raw  coal,  in 
order  that  I  might  compare  it  with  the  same  furnace  using  the  Scotch 
ironstone. 

In  the  former  estimate,  the  heat  absorbed  per  20  units  of  iron  to 
smelt  a  mixture  consisting  chiefly  of  argillaceous  ores  was  110,677 

calories;  and  the  coal  consumed  being  4239  units,  we  have        * 

or  2,609  calories  per  unit  of  raw  coaL 

Employing  the  same  data  as  before  for  the  means  of  computation,  I 

find  that  in  smelting  hematite  the  absorption  to  be  94,100  calories;  and 

94  100 
the  raw  coal  used  being  36*62  units  per  20  of  iron,  we  have  -^'  ^^ 

00*0-6 

or  2,569  calbries  per  unit  of  fiiel. 

I  do  not  possess  any  analysis  of  the  gases  from  this  last  named 
furnace;  but,  the  heat-equivalent  of  the  fuel  agreeing  so  closely  with 
the  previous  one,  it  is  only  reasonable  to  infer  that  the  quantity  of 
oarbon  as  carbonic  acid  must  have  been  the  same  in  each  case.  It  is 
obvious  therefore  that  any  peculiarity  in  the  ironstone  is  not  the  cause 
of  the  disappearance  of  carbonic  acid;  for  an  example  was  given,  p. 
246,  Table  II.  I.,  where  the  carbon  in  this  form,  with  similar  ore 
(hematite),  amounted  to  1  per  2*04  of  carbon  as  carbonic  oxide. 
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I  have  in  addition  been  able  to  compare  the  performance  of 
furnaces  52  feet  high,  smelting  the  oolitic  ores  of  the  Midland  counties 
with  the  raw  coal  of  Derbyshire,  which  contains  about  35  per  cent,  of 
volatile  matter.  The  ore,  chiefly  a  hydrated  peroxide,  gives  off  22^ 
per  cent,  of  moisture;  it  yields  in  the  wet  state  82^  per  cent,  of 
metal,  with  a  consumption  of  6^  cwts.  of  limestone.  After  making 
allowance  for  evaporating  the  water  from  the  ore,  and  for  extra  weight 
of  slag  to  be  fused,  the  heat  absorbed  in  these  Derbyshire  furnaces 
turns  out  to  be  about  123,000  calories  per  20  of  iron;  and  this  being 

divided  by  46  units  of  coal  used,  we  have  — j^ —  =  2,674  calories 

per  unit  of  fuel  burnt. 

So  far  as  previous  enquiries  enable  me  to  judge,  the  oolitic  ore  used 
in  Derbyshire,  when  smelted  with  coke,  gives  pretty  nearly  the  same 
results  as  those  which  attend  the  treatment  of  Cleveland  stone. 
Under  these  circumstances  I  am  led  to  infer  that  with  furnaces  of 
about  the  same  dimensions  in  each  case,  say  6,000  cubic  feet,  there  is 
nearly  25  per  cent,  more  carbon  in  the  form  of  carbonic  acid  in  furnaces 
using  coke  than  in  furnaces  using  raw  coal. 

Admitting  the  correctness  of  this  inference,  there  seem  but  two 
ways  in  which  to  account  for  this  disappearance  of  carbonic  acid  in  the 
gases,  l^^ither  the  raw  coal,  as  it  is  freshly  coked  in  the  upper  region, 
produces  coke  in  that  soft  condition  which  permits  its  being  easily 
attacked  by  the  carbonic  acid  (GOg  +  C  =  200);  or  the  presence  of 
hydrogen  gives  rise  to  a  decomposition  of  carbonic  acid,  as  aheady 
mentioned  in  the  present  section  (COa  +  Hs=CO  +  B[aO). 

The  large  amount  of  water,  shown  to  be  present  in  the  gases  of  a 
furnace  using  raw  coal,  or  at  all  events  a  portion  of  it,  must  undoubt- 
edly exercise  a  restraining  influence  on  their  deoxidizing  power  in  a  part 
of  the  reducing  zone.  Although  the  hygrometric  moisture  of  the  coal, 
or  of  the  ore,  will  be  mostly  expelled  in  the  highest  zone  of  the  furnace^ 
i,e.  before  the  minerals  are  sufiiciently  heated  to  bring  their  action  on 
the  gases  into  play,  still  a  considerable  portion  of  water,  the  result  of 
the  destructive  distillation  of  the  actual  substance  of  the  coal,  will  not 
be  driven  out  until  the  lower  and  hotter  regions  of  the  furnace  are 
reached.     In  such  a  case  the  heated  vapour  of  water  will  mingle  with 
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the  redncing  gases,  and  passing  with  them  through  the  oxide  of  iron 
will  act  in  the  manner  supposed. 

The  practical  question,  which  arises  from  comparing  the  use  of  raw 
coal  with  coke  in  the  hlast  furnace,  is  one  of  economy;  and  this  is 
capable  of  being  dealt  with  in  a  very  few  words. 

In  two  furnaces  of  the  same  capacity,  and  blown  with  air  practi- 
<»Ily  of  the  same  temperature  (485^  0.  at  Clarence  and  475^  G.  in 
Scotland),  we  obtain  the  following  &ctors: — 

darence — coke  used  per  20  of  iron  28'92  nnitfl  containing  carbon  26*96  units. 

Scotland — raw  coal  per  20  of  iron  42*99  units  containing  fixed  carbon  22'64  nnits. 

Clarence — Calories  required  for  reduction,  fusion,  etc.  109,129. 

Scotland — Do.  do.  do.  do., 

and  expelling  gases  from  coal 109,979 

Less  absorbed  in  expelling  gases        24,560 

84,819 

To  compare  the  duty  performed  by  pure  fixed  carbon  we  have: — 

Clarence        . . .  .  —        3,912  calories  per  unit  of  carbon. 


84,819 
22-64 


Scotland        ...         ^^^7         -         8,746 


This  shows  an  inferiority  of  about  4^  per  cent,  on  the  side  of  the 
Scotch  coal,  due  no  doubt  to  its  producing  less  carbonic  acid  in  the 
gases  than  the  coke  at  Clarence. 

Viewed  in  this  fashion,  the  Scotch  fiimace  ought  to  have  done  its 
duty  with  40'50  cwts.  of  raw  coal,  in  order  to  be  on  a  level  with  the 
Clarence  furnace. 

On  the  other  hand,  in  coking  coal  in  the  ordinary  beehive  oven, 

about  10  per  cent,  of  the  fixed  carbon  of  the  coal  is  wasted;  f.6.  instead 

of  getting  75  only  65  per  cent,  of  coke  is  obtained  from  the  best  coal. 

Hence  the  26*86  pure  carbon  used  at  Clarence  really  represents  80*40 

108  128 
fixed  carbon  in  the  coal;  and    q^'  ^    =  8,892  calories  per  unit  of 

pure  carbon. 

Of  course  in  such  calculations  the  proper  way  is  to  institute  the 
comparison  between  raw  coal  and  coke  obtained  from  the  same  raw 
coal,  when  applied  to  the  same  ore.  Admitting  however  that  by  using 
the  fuel  raw,  as  in  Scotland,  there  is  a  loss  of  about  2  cwts.  of  coal  |)er 
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ton  of  iron,  this  is  com})ensated  fourfold  by  the  saving  of  wages 
together  with  interest  and  wear  and  tear  on  coke  ovens.  There  is 
besides  this  the  gas  given  off  at  the  blast  furnace,  which  can  be  much 
more  beneficially  applied  than  at  the  coke  ovens,  and  if  to  this  is  added 
the  expected  results  from  the  recent  proposal  to  collect  tar  and  ammonia 
we  should  probably  be  within  the  mark  in  setting  down  8s,  to  10s.  on  the 
ton  of  iron  as  the  difference  between  using  raw  coal  instead  of  coke. 
From  this  however  some  allowance  must  be  made,  owing  to  the 
circumstance  that  the  entiie  produce  of  the  pit  may  be  converted  int^) 
coke,  whereas  only  the  large  pieces  can  be  used  raw  in  the  furnace. 
Probably  the  best  plan  therefore  would  be  to  use  the  large  coal  raw 
and  coke  the  small,  wherever  the  quality  of  the  latter  permits  its 
application  in  this  form. 

Having  now  dwelt  at  some  length  on  what  may  be  considered  the 
chief  functions  of  a  furnace  using  raw  coal,  I  would  conclude  my 
obsen^ations  on  this  subject  by  a  few  remarks  on  a  subject  which  some 
pages  back  received  a  casual  notice — viz.,  the  collecting  of  ammonia 
and  tar  from  the  furnace  gases. 

With  the  knowledge  that  both  these  substances  are  given  off  when 
coal  is  subjected  to  destructive  distillation,  their  presence  in  a  blast 
furnace  using  raw  coal  is  only  what  might  be  expected.  Messrs. 
Bunsen  and  Playfair  in  1846  not  only  mentioned  the  fact  in  their  pai)er 
on  the  Alfreton  furnace  already  referred  to,  but  detennined  the  quantity 
of  ammonia  in  the  gases. 

At  page  127  in  my  former  work,  mention  was  made  of  a  con- 
siderable amount  of  ammoniacal  salts  having  been  collected  from  one 
of  the  coke  furnaces  of  my  firm.  Looking  at  the  fact  that  the  nitrogen 
of  the  coal  was  almost  entirely  dissipated  by  the  process  of  coking,  I 
accounted  for  the  appearance  of  an  unusual  quantity  of  ammonia  by 
the  decomposition  of  some  of  the  cyanogen  compounds,  known  to  be 
present  in  the  furnace.  The  quantity  of  ammonia  collected  from 
different  parts  of  the  furnace  per  1,000  litres  of  gas  upon  the  oocasion 
referred  to,  was  as  follows: — 


Distance  above  tuyeres    ...     8  ft.    24;^  ft.    60  ft.    76^  ft.  escaping  gases. 
Grammes  of  ammonia     ...     3*28      2*25       2*78        236        4*64. 
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In  order  to  see  whether  the  weights  condensed  were  due  to  an 
abnormal  condition  of  thing's,  the  e^i^periments  were  recently  repeated 
at  Clarence,  upon  which  occasion  the  following  results  were  obtained 
per  1,000  litres  of  gas,  freed  from  dust,  in  three  different  experiments: — 

•0075 — '0077  and  '0114  grammes  of  ammonia. 

The  flue  dust  separated  in  the  last  experiment  gave  an  additional 
•0082  grammes  per  1,000  litres  of  gas.  Taking  the  volume  of  escaping 
gases  at  180,000  cubic  feet  per  ton  of  pig  iron  and  156,000  cubic  fc^et 
per  ton  of  coke  this  would  represent: — 

Per  Ton  of  Pig  Iron.  Per  Ton  of  Ooke, 

Lbs.  Ammonia  =  Soliduite,      Lbe.  Ammoni»  =  Sulphate. 

From  gM  freed  from  dust '098  '38  '085  '330 

Prom  gas  including  that  from  accom- I    .o^g  .qa^  .^qq  .^oo 

panyingdust     ) 

It  would  thus  appear,  as  I  suspected,  that  the  larger  quantities  of 
ammonia  collected  on  the  previous  occasion  must  have  &een  due  to  an 
unusual  condition  of  the  furnace  at  the  time.  A  probable  cause  might 
be  decomposed  cyanides  which,  upon  some  ocaision,  are  found  present 
in  the  escaping  gases,  and  upon  others  entirely  absent. 

On  referring  to  the  analysis  of  the  Scotch  coal  given  at  p.  315.  it 
will  be  seen  that  nitrogen  exists  in  it  to  the  extent  of  '94  i)er  cent., 
equal  therefore  to  '398  units  for  each  20  units  of  pig  iron  produced. 
If  then  all  this  nitrogen  were  converted  into  ammonia,  we  should 
have  '483  units  per  ton  of  metal ;  whereas  according  to  analysis  the 
quantity  was  only  '11  units  (v.  p.  818).  From  this  we  may  infer  that 
only  about  23  per  cent,  of  the  volatile  alkali,  capable  of  being  generated 
by  the  nitrogen  present  in  the  coal,  is  actually  formed. 

According  to  a  paper  recently  read  before  the  Society  of  Chemical 
Industry  by  Mr.  Walter  Weldon,  for  each  ton  of  coal  used  in  the 
Gartsherrie  furnaces  20  lbs.  of  sulphate  of  ammonia  is  produced,  equal 
therefore  to  5*15  lbs.  of  ammonia;  while  the  '11  unit  mentioned 
above  represents  12*32  lbs.  per  ton  of  iron  or  5'81  lbs.  per  ton  of  coal. 

The  ftimace  gas,  thus  freed  not  only  from  the  water  and  tar  but 
•  also  from  the  furnace  fiime,  is  well  adapted  for  the  steam  boilers  and 
the  hot  air  apparatus. 

Some  years  ago  Mr.  Carves  described  a  coke  oven  which  was 
virtually  a  retort.     The  gases  were  conveyed  through  condensers  in 
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which  the  tar  and  ammoniacal  water  were  separated;  and  the  gas, 
freed  from  these  substances,  was  ased  at  the  oven  in  order  to  distil 
the  coal. 

In  the  year  1867  my  firm  erected  86  of  these  ovens;  but  partly 
owing  to  the  difficulty  of  keeping  them  tight,  and  partly  owing  to  the 
lower  value  of  the  products,  they  were  discontinued.  Recently  the 
subject  has  been  revived  in  the  County  of  Durham  by  iny  friends 
Messrs.  Pease  and  Co.,  who  have  applied  M.  Carves'  principle  to  the 
Coppee  oven.  Hitherto  they  are  well  satisfied  with  their  progress;  and 
so  far  as  ammonia  and  tar  are  concerned  their  experience  indicates  a 
state  of  things  not  inferior  to  that  given  by  Mr.  Weldon  as  obtained 
at  Gkirtsherrie. 

It  has  still  to  be  seen  whether  the  coke  made  in  such  a  form  of 
oven  as.  that  described  is  equal  in  quality  to  that  obtained  by  the 
higher  temperature  of  old-feshioned  ovens  of  the  beehive  or  similar 
construction. 

One  disadvantage  attends  the  installation  of  the  apparatus  erected 
by  Messrs.  Peas^— it  means  the  demolition  of  the  present  ovens  and 
the  erection  of  a  much  more  expensive  plant  in  their  room.  Prom  this 
inconvenience  the  plan  recently  patented  by  Mr.  J.  Jameson  is  exempt. 
He  removes  the  floor  of  the  present  oven,  and  replaces  it  with  one 
provided  with  flues.  Through  these,  by  means  of  an  aspirator,  the 
gases  as  they  commence  to  distil  from  the  coal  are  drawn  ^^^r  descennm, 
and  made  to  pass  through  condensers  where  the  tar  and  ammonia  are 
left.    The  gas  freed  from  these  may  be  reconducted  to  the  interior  of 

the  oven,  to  assist  in  the  distillation  of  the  coal. 

» 

Many  coals  have  been  tried  at  the  Felling  Chemical  Works  of 
Messrs.  H.  L.  Pattinson  and  Co.,  with  very  excellent  results;  for  firom 
some  of  them  as  much  as  12  lbs.  of  sulphate  of  ammonia,  and  11  gallons, 
not  of  tar  but  of  an  inflammable  oil,  have  been  received  per  ton  of  coal. 

The  value  of  these  products  per  ton  of  coal  may  be  taken  at : — 

12  lbs.  of  sulphate  of  ammonia  at  2d.  per  lb £0    2    0 

11  gaUons  of  oil  at  3d.       „       0    19 

Total        £0    3    9 


From  this  sum  has  to  be  deducted  the  expense  of  condensing  and  the 
cost  of  converting  the  ammonia  into  sulphate. 
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Taking  the  subject  as  a  whole,  there  is  good  reason  for  believinjr 
that  we  are  on  the  eve  of  an  important  change  in  the  application  of 
•coal  as  a  combustible;  for  it  seems  not  improbable,  that  we  may  be 
compelled  to  use  our  fuel  in  the  form  of  gas,  with  a  view  of  obtaining 
the  valuable  products  destroyed  by  the  present  mode  in  which  it  is 
burnt. 

Influenced  probably  by  the  quantity  and  intensity  of  the  heat 
obtained  by  the  combustion  of  hydrogen,  the  idea  has  occurred  to 
various  inventors  to  inject  this  gas  at  the  tuyeres  of  the  blast  furnace. 
Many  years  ago  it  was  proposed  by  Mr.  Mickle  to  collect  the  hydro- 
carbons given  off  in  coking  coal,  and  apply  them  to  the  purpose 
referred  to.  Subsequently  Mr.  Dawes  in  Staffordshire  tried  for  some 
time  the  use  of  "water  gas,"  prepared  by  passing  steam  over  carbon- 
aceous matter  kept  at  a  high  temperature  in  a  retort.  These  trials, 
and  it  may  be  others,  having  the  same  object  in  view,  were  abandoned; 
and  until  recently  nothing  further,  I  imagine,  has  been  heard  of  using 
hydrogen  in  any  form  as  a  fuel  for  smelting  iron. 

The  attention  which  has,  from  time  to  time,  been  bestowed  on  the 
use  of  hydrogen,  the  general  costliness  of  such  experiments,  and  its 
general  interest  in  connection  with  the  economy  of  the  blast  furnace, 
have  induced  me  to  make  some  experimental  enquiry  into  the  behaviour 
of  mixed  gases,  resembling  in  composition  the  water  gas  now  proposed 
to  be  used. 

So  far  as  I  know,  all  plans  in  this  direction  contemplated  employing 
the  gas  as  a  supplement  to  coke  or  coal;  but  it  is  now  expected  that 
ail  solid  fuel  in  the  furnace  itself  may  be  dispensed  with,  and  the  so- 
called  water-gas  employed  in  its  room.  It  is  proposed  to  prepare  this 
substance,  which  theoretically  is  composed  of  equal  volumes  of  hydrogen 
and  carbonic  oxide,  by  passing  very  highly  heated  steam  over  refuse 
coke,  or  over  coal.  In  the  latter  case  the  two  gases  mentioned  above 
are  mixed  with  a  further  quantity  of  hydrogen  and  hydro-carbons, 
given  off  by  the  coal. 

Looking  at  the  price  of  blast  furnace  coke,  and  that  of  such  com- 
bustible matter  as  might  suffice  for  the  manufacture  of  water  gas,  it  is 
quite  possible  that  a  given  amount  of  heating  power  might  be  produced 
more  economically  from  water-gas  than  could  be  obtained  from  the 
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coke  usually  employed  iu  smelting  iron,  As  a  mere  question  of  heat 
evolution,  it  cannot  of  course  be  pretended  that  on  burning  carbon  in 
order  to  decompose  steam,  a  larger  quantity  of  heat  can  be  generated 
by  burning  the  hydrogen  and  carbonic  oxide  thus  obtained,  than  that 
capable  of  being  produced  by  the  carbon  itself  burnt  in  the  usual  way. 
On  the  contrary,  as  is  well  known,  there  is  an  absolute  loss  attending 
the  manufacture  of  water-gas  even  when  pure;  which  it  never  is  in 
practice,  being  contaminated  more  or  less  with  carbonic  acid,  etc. 
Another  possible  advantage  in  employing  the  gaseous  fuel  would  be  the 
possession  of  some  virtue  which  fitted  it  for  reducing  oxide  of  iron. 
No  doubt  the  laboratory  experiments  quoted  in  this  section  would 
indicate  that  hydrogen  gas  is  more  energetic  in  this  respect  than 
carbonic  oxide;  but,  on  the  other  hand,  the  action  of  the  blast  fmnace, 
as  already  described,  points  pretty  conclusively  to  the  fact,  that  little, 
if  any,  hydrogen  is  directly  concerned  in  reducing  the  metal,  and 
further  that  its  presence  in  the  furnace  is  not  attended  with  any 
economy  in  the  quantity  of  solid  carbon  required. 

We  have  in  this  enquiry  first  to  consider  the  difierence  of  the 
conditions  under  which  it  is  now  intended  to  employ  hydrogen  and 
those  which  attend  its  use  when  contributed  by  the  use  of  raw  coal  in 
the  furnace.  In  the  first  mentioned  case  it  is  introduced  at  the  hearth 
and  in  the  second  it  is  generated  chiefly  in  the  reducing,  or  at  all 
events  in  the  upper  zone.  ' 

The  most  recent  idea  is  to  pass  steam  through  vessels  filled  with 
highly  heated  fire  bricks,  resembling  in  principle  the  well  known  re- 
generators of  Messrs.  Siemens.  By  this  means  it  is  expected  to  obtain 
the  water-gas  at  a  temperature  of  2,000°  0.  (8,632°  F.),  and  this  it  is 
proposed  to  burn  with  air  heated  to  1,500°  C.  (2,732°  F.) 

I  will  consider  immediately  the  use  of  pure  water-gas  when 
employed  under  the  conditions  just  named ;  but  in  the  meantime  I 
would  point  out  what  I  conceive  to  be  serious  difficulties  in  securing 
the  proposed  conditions  themselves. 

In  the  first  place  water-gas  prepared  in  the  manner  suggested  is 
never  pure.  My  friend,  Mr.  G.  S.  Dwight,  who  is  interested  in  a 
company  who  have  applied  it  extensively  to  certain  purposes,  to  which 
it  is  no  doubt  admirably  adapted,  has  furnished  me  with  an  analysis 
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of  the  gas  prepared  in  an  excellently  deyised  form  of  apparatus.  This 
specimen,  as  I  shall  hereafter  show,  contained  close  on  17  per  cent,  of 
gases  which  are  worse  than  useless  in  the  blast  furnace. 

I  was  permitted  by  the  courtesy  of  Mr.  Dwight  and  his  friends  to 
examine  the  operation  of  producing  this  gas  on  a  large  scale  at  Essen. 
At  that  time  the  carbonaceous  element  was  small  refuse  coke.  The 
fire-brick  regenerator  was  heated  to  as  high  a  temperature  as  a  coke 
fire  blown  with  a  powerful  fan  could  generate.  The  blast  was  then 
discontinued,  and  steam  introduced  in  an  opposite  direction ;  i.6.,  it 
passed  through  the  heated  regenerator  and  down  through  the  incan- 
descent coke.  This  was  maintained  as  long  as  the  steam  was  supposed 
to  be  entirely  decomposed.^  The  steam  was  then  shut  off,  and  bhist 
applied  as  before  preparatory  to  a  second  admission  of  steam. 

The  decomposition  of  the  yapour  of  water  of  course  was  attended 
with  a  great  reduction  of  temperature ;  so  much  so  that  the  water-gas 
left  the  generator,  as  I  was  informed,  at  a  temperature  of  600°  C. 
(1,112"=^  F.)  If  instead  of  the  coke  which  was  employed  in  the 
apparatus  when  I  examined  it,  raw  coal  were  used,  an  additional 
amount  of  heat  would  be  required  for  effecting  the  volatilization  of 
its  gaseous  constituents. 

Of  the  practicability  of  heating  any  vast  volume  of  air  to  1,500°  C. 
(2,782°  F.)  they  who  have  worked  with  fire-brick  stoves  can  say 
something.  Hitherto  I  believe  no  one  has  succeeded  in  maintaining  a 
steady  temperature  of  1,000°  C.  (1,832°  F.) 

In  a  paper  recently  published,  the  writer  apparently  recog- 
nizes the  oxidizing  influence  which  burnt  water-gas — consisting  of 
carbonic  acid  and  watery  vapour — ^must  have  on  metallic  iron.  To 
counteract  this  he  limits  the  quantity  of  air  employed  to  that  required 
for  burning  one-tenth  only  of  his  gaseous  fuel. 

If  we  examine  theoretically  the  conversion  of  steam  into  what  may 
be  designated  pure  water-gas,  ».«.,  a  mixture  of  equal  volumes  of  car- 
bonic oxide  and  hydrogen  (or  28  parts  by  weight  of  the  former  and 
2  of  the  latter),  we  bring  out  the  following  results : — 

'  In  my  own  experience,  in  passing  steam  through  coal  to  generate  a  kind  of 
water-gas,  nndecomposed  vapour  of  water  was  often  present.  This  of  course  sent 
into  a  blast  fnmaoe  is  eminently  undesirable.-  I.L.B. 
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Splitting  up  of  one  eqaivalent  of  steam,  H^O^  into  its  elements,  bj 
means  of  one  equivalent  of  carbon — 


2  H  X  34,000  cal.  =  absorption  of     ...         68,000 

12  C  X  2,400  cal.  -  generation  of      28,800 


Net  amount  of  heat  absorbed 39,200 


Assumin*^,  according  to  information  afforded  by  Mr.  Dwigbt,  that 
water-gas  generated  from  coke  is  given  off  at  a  temperature  of  600®  C. 
=1,112°  F.,  we  have  in  burning  this  pure  water-gas  : — 


2  of  hydrogen  X  84)000  calories  68,000 

28  of  carb.  oxide  X  2,400  calories       67,200 


Heat  by  combustion  of  30  units  of  cold  water-gas 135,200 

Heat  in  water-gas  at  600°,  2  H  x  8*409  sp.  heat  x  600°  C.  -  4,091 

28  CO  X     -245       „        x  600°  C.  -  4,116 

8,207 


Total  heat  by  combustion  of  30  units  of  hot  water-gas        143,407 


In  practical  working  the  8,207  calories,  corresponding  to  the 
sensible  heat  of  the  generated  gas,  have  to  be  supplied  in  addition  to 
the  39,200  calories  absorbed  by  the  decomposition  of  the  steam.  In 
all  47,407  calories  have  therefore  to  be  generated  by  the  combustion, 
to  carbonic  acid,  of  a  portion  of  the  fuel,  the  products  of  this  com- 
bustion heating  the  regenerator  and  leaving  it,  as  was  the  case  at 
Essen,  at  226°  C. 

To  ascertain  how  much  carbon  is  needed  to  obtain  this  amount  of 
heat,  we  must  proceed  as  follows : — 

Caloctot. 
Heat  afforded  by  1  unit  of  carbon  burnt  to  carb.  acid  with  production 

of  3-666  CO,  accompanied  by  8797  of  nitrogen  225°  C 8,000 

Less  carried  off  by  CO.  3*666    x    -216  sp.  heat  x  225°  -       178 

8  797   X    -244        „         x  226°  -       483 

661 


Net  heat  afforded  by  1  unit  of  carbon,  burnt  to  supply  heat  for 
generating  water-gas ...         7,339 
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47  407 
Then    ^  '^    =  6*46  units  of  carbon  needed  in  addition  to  the  12 
7,339 

nnits  contained  in  the  available  gas,  to  yield  80  units  of  the  latter  at 

600°  C.    It  follows  then  that  12  +  6-46  or  18*46  units  of  carbon  yield 

gas  capable,  in  the  cold  state,  to  generate  135,200  calories,  or  each 

unit  of  carbon  consumed  yields  7,824  units  in  the  form  of  water-gas. 

In  the  estimate  just  given  no  allowance  whatever  is  made  for  loss 
by  radiation,  etc.,  which,  as  is  well  known,  must  add  something  to  the 
expenditure  of  fuel. 

In  the  event  of  this  water-gas  being  applied  as  a  meims  of  heating 
only,  the  useful  effect  of  the  carbon  consumed  in  its  production  will  be 
that  used  by  the  full  powers  of  the  latter  minus  the  waste;  which  cannot 
be  leas  than  close  od  10  per  cent.,  and  may, be  double  this  amount  or 
more.  If  however  the  hydrogen  it  contains  is  only  partially  applicable 
as  a  means  of  heat  evolution,  as  appears  to  be  the  case  in  the  blast 
furnace  (vide  p.  820,  et  seq.y  on  Scotch  furnaces),  then  out  of 
185,200  calories  a  large  portion  might  for  this  purpose  be  useless. 

In  the  estimate  just  given  it  is  assumed  that  the  gas  is  pure ;  in 
other  words  that  all  the  steam  is  decomposed,  and  decomposed  in  such 
a  way  as  to  ensure  the  products  being  all  combustible  gas.  Instead  of 
this,  some  steam  escapes  decomposition,  and  some  carbon  is  converted 
into  carbonic  acid — the  latter  being  a  direct  source  of  loss  and  the 
former  very  hurtful  in  the  blast  furnace  itself.  Besides  these  sources 
of  contamination,  a  little  atmospheric  air  is  always  to  be  found  in 
water-gas  made  in  the  way  already  described. 

Mr.  Dwight  has  kindly  furnished  me  with  an  analysis  of  this 
gaseous  fuel  obtained  by  passing  superheated  steam  over  raw  coal. 
Its  constituents  by  weight  were : — 


Per  Cwt. 

Oftrbon  Content 

Oxygen            

1-740 

Carbonic  acid 

6  372 

1-738 

Carbonic  oxide 

70-969 

80-415 

Hydrogen        

7-473 

— 

Hydro-carbon  (CH^)... 

4-648 

3-486 

Nitrogen         

8-798 

— 

100- 

35-639 
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According  to  the  'information  supplied  to  me,  one  pound  of  coal 
employed  in  the  apparatus  affords  25  cubic  feet  of  gas,  which,  if  of 
the  composition  just  given,  will  weigh  1*029  lbs. 

From  this  it  would  follow  that  100  lbs.  of  coal  may  be  considered 
as  giving  108  lbs.  of  the  gas;  and  as  the  gas  itself  contains  85*639 
per  cent,  of  carbon,  we  have  in  the  108  lbs.  of  gas  86"71  lbs.  of 
carbon  obtained  from  treating  100  lbs.  of  coal.  But  if  the  coal  used 
contains  66  per  cent,  of  carbon,  which  is  probably  the  least  we  may 
expect,  then  each  pound  of  carbon  in  the  gas  has  been  obtained  by  an 

fifi 

expenditure  of   '^  „^  or  1*8  lbs.  of  carbon  in  the  coal. 
^  86*71 

In  the  two  cases  we  are  considering,  it  appears  that  for  100  parte 

of  carbon  employed  the  following  are  the  products : — 

Useful  Ourbon  (00)  UieleBB  Ottrbon.  C  oousomed  ia 

and  Hjdro-earbons.  production  of  gat. 

Pure  water  gas        ...      66     CO.  ...  ml.  ...  35 

'^:^tL?rw"cor^}       62-9COACH     ...  2-7  ...  444 

With  regard  to  any  idea  that  either  of  the  two  gases  joA 
referred  to  could  be  suitable  forms  of  combustible  for  a  blast  furnace, 
and  that  they  and  the  blast  could  be  delivered  at  the  tuyeres  at  a  tem- 
perature of  1,000°  C.  =  1,882°  P.,  which  is  probably  above  that  to 
which  they  could  be  heated,  we  may  take  the  following  as  the  quantities 
of  heat^which  would  in  such  case  be  generated. 

Pure  water  gas. — Quantity  of  heat  capable  of  being  evolved  per  unit 
of  carbon  consumed  in  making  the  gas,  of  which  unit  '85  supplies 
the  heat  for  decomposing  the  water,  leaving  *65  available  in  the 
blast  furnace. 

Weight  of  gas  afforded  per  unit  of  carbon  consumed        1*625  units. 

Air  required  for  burning  1 '625  units  of  gas 7*465      ,» 

Specific  heat  of  the  water-gas *456 

Heat  afforded  by  combustion  of  gas  per  unit ")  fy.QOii  ^y.^^ 

of  C  with  air  at  0°  C.  -  82^T.  j  •*        ^  324calone8. 

Let  it  further  be  supposed  that  in  order  to  preserve  the  redaciog 
character  of  the  mixed  gases^  one  tenth  only  of  the  water-ga8  ^ 
burnt. 
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GalorieB. 
Heat  in  1*625  of  gas  (equal  to  I  of  C  burnt  in  generator) — 

X  -456  8?.  heat  x  1,000°  C =»  741-0 

Heat  in  1/lOth  of  air  required  for  complete  combustion — 

^^    X  -287  sp.  heat  x  l,00(f  C «  175-6 

Heat  of  combustion  of  1/lOth  of  gas — 

1*626  +  10  X  7,324  calories      -732*4 


Total  heat  per  unit  of  carbon  1648*9 


Water  gas  as  obtained  from  steam  and  raw  coal. — Quantity  of  heat 
capable  of  being  evolved  per  unit  of  carbon  consumed  in  making  the 
gafl,  of  which  unit  only  '529  is  available  in  the  furnace;  weight  of  gas 
horded  per  unit  of  carbon  consumed,  1*029  unit;  air  required  for 
burning  1*029  unit  of  the  gas,  5*185  units;  specific  heat  of  the  gas 
itself,  '494;  number  of  calories  aflPorded  by  its  combustion,  when  burnt 
with  air  at  (f  C.  =  32°  F.,  5,026. 

Calories. 
Heat  in  1*029  of  gas  (equal  to  1  of  C.  burnt  in  generator) 

X  -494  sp.  heat  x  1,000°  C «  508'3 

Heat  in  1/lOth  of  air  required  for  complete  combustion — 

-—  X  -237  8?.  heat  x  1,000°  C =  122*9 

Heat  of  combustion  of  1/lOth  of  gas — 

1029  +  10  X  6,026  calories     =-  502*6 


Total  heat  per  unit  of  carbon 1133*8 


Thus  it  appears  that,  when  burnt  in  the  way  suggested,  there  is  ob- 
tained useful  heat  in  the  furnace,  for  each  unit  of  carbon  delivered  to 
the  generator,  to  the  amount  of  say  1,648  calories  from  pure  water-gafi 
made  with  coke,  and  say  1,133  calories  from  water-gas  as  it  is  actually 
obtained  from  raw  coal. 

Leaving  the  theoretical  gas  on  one  side,  and  confining  ourselves  to 
the  practical,  we  can  easily  compare  this  result  of  1,133  calories  with 
the  quantity  of  heat  evolved  by  each  unit  of  raw  coal  in  the  blast 
furnace,  as  described  in  the  present  section.  There  it  will  be  seen  we 
had  110,577  calories  afforded  by  42*39  of  coal;  equal  therefore  to 
2,609  calories  for  each  unit  of  coal  consumed. 

Of  these  110,577  calories  24,560  were  absorbed  in  expelling  the 
volatile  constituents  contained  in  the  coal;  which  work  in  the  present 


^ 
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case  has  already  been  performed  in  the  water-gas  generator.  This 
leaves  86,017  for  the  other  work  of  the  fnmaoe.  The  gases  contained 
4'43  units  of  carbon  in  the  form  of  carbonic  acid,  equivalent  to  24,808 
calories  evolved  in  raising  this  weight  of  carbon  from  carbonic  oxide  to- 
carbonic  acid. 

CalariaiL 
If  then  to  make  20  anits  of  pig  iron  there  is  required  ...        86,017 

Of  which  the  generation  of  carhonic  acid  from  carbonic 

oxide  gives    ...         ...         ...         ...         ...         ...         ...        24^806 

There  is  left  for  the  oombastion  of  the  water-gas  to  supply. . .        61,209 


61  2nQ 
Now  ---foo"  "°  ^  units  of  raw  coal  used  in  the  water-gas  generator. 

According  to  this  statement  then,  there  would  be  required  54  xant^ 
of  coal,  burnt  with  air  at  1,000°  C,  to  produce  the  same  qnantitj  of 
heat  from  water-gas  as  42*89  units  of  coal  burnt  with  air  at  427^  C; 
showing  a  loss  of  about  22  per  cent. 

But  the  quantity  of  heat  is  not  the  only  question  which  has  to  be 
considered;  tor  the  intensity  is  of  equal  importance.  Now  the  specific 
beat  of  the  products  of  combustion  of  water-gas  made  from  coal,  and 
having  the  composition  already  mentioned,  is  '268. 

Its  quantity,  per  unit  of  carbon,  we  found  to  be — 

1-029  +  6185      .,, . 
- — io "  ^^^^• 

The  specific  heat  of  the  unbumt  part  of  the  gas  =  "494,  ite 
quantity— say  9/lOths  of  the  whole— 9/10  x  1*029  =  '9261. 

From  these  data  the  temperature  of  this  imperfect  combustion  is 
thus  estimated : — 

T  »  1^183  cal.  ^  64  cal.  Utent  heat  of  vap.  of  water  _  ^ 

•6214  X  -268  +  -9261  x  -494 

A  temperature  of  1,715°  C.  is  probably  below  that  at  which  a 
furnace  could  be  worked;  but  this  no  doubt  might  be  met  by  a  more 
perfect  combustion  of  the  water-gas.  Thus  it  is  found  by  estimation 
tliat  the  temperature  produced  by  burning  water-gas  made  from  raw 
coal  with  one-third  of  the  air  needed  for  perfect  oxidation  is  2,495^  C. 
(4,528  F.) 

It  is  however  needless  further  to  examine  the  system  in  this  direc- 
tion; because,  if  all  the  difficulties  already  pointed  out  were  effectually 
set  aside  there  is,  I  am  of  opinion,  no  question  but  that  the  principle 


SECTION  XI. — HYDBOQBN  IN  THE  BLAST  FUENACB.  887 

blast  is  fdndamentlj  erroneous.  Although  the  minerals  in  the  ordinary 
furnace  are  freed  from  almost  all  their  oxygen  in  the  upper  zone  it  is  at 
the  same  time  a  powerfciUy  reducing  instrument  at  its  lower  extremity. 
There  is  no  necessity  whatever  to  discuss  the  reducing  power  in  the 
upper  zone  of  a  furnace  attempted  to  be  driven  by  water-gas;  because 
the  difficulty  will  arise  in  the  zone  of  fusion  where  this  gaseous  fael 
meets  the  blast.  The  heat  produced  at  the  hearth  must  of  course  be 
dependent  on  the  oxidation  of  the  hydrogen  and  of  the  carbonic  oxide, 
the  products  being  vapour  of  water  and  carbonic  add. 

It  seems  like  a  work  of  supererogation  to  ascertain  by  experiment 
what  the  effect  of  highly-heated  iron  must  be  on  vapour  of  water  and 
carbonic  acid,  but  in  the  absence  of  any  experience  of  the  conduct  of  a 
mixture  of  these  two  substances,  the  following  trials  were  made: — 

Ten  grammes  of  pure  hematite  ore,  in  grains  about  the  size  of 
mustard  seed,  were  exposed  in  a  porcelain  tube,  at  a  temperature  of 
about  1,000°  C.  (1,832°  F.),  to  a  current  of  a  mixture  of  equal  volumes 
of  hydrogen  and  carbonic  oxide. 

Orammea. 
The  ore  lost  in  weight  oxygen       2*9230 

The  water  collected  indicated  deoxidation  by  hydrogen...  1*6681 

The  carbonic  acid  collected  indicated  deoxidation  by 

carbonic  oxide 1*1909 

2*8590 

Difference  due  to  experimental  error  and  carbon  absorbed  by  iron     '0640 

The  spongy  iron  thus  produced  was  then  exposed  to  a  current  of  watery 
vapour  and  carbonic  acid,  generated  by  exposing  an  equal  quantity  of 
ore  to  the  water-gas,  the  iron  sponge  and  ore  being  heated  as  before  to 
1,000°  C. 

The  ore  lost  of  its  oxygen 

Of  this  hydrogen  removed  

„      carbonic  oxide  removed     


pf 


the  spongy  iron  absorbed  ... 


•  •    B 

Srammes. 
1*5153 

•5347 

*5268 

10615 

•3990 

1-4605 

Difference  dae  to  experimental  error  and  to  deposited  carbon . . .      *0648 

In  this  case  the  gain  of  oxygen  by  the  metallic  iron  was  close  on  89 
per  cent,  of  the  loss  of  oxygen  experienced  by  the  ore. 
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The  same  mixture  of  gases  was  then  tried  on  calcined  Clevdand 
ore  also  broken  to  the  size  of  mustard  seed  and  containing  43'7  per 
cent,  of  iron.  Six  litres  were  passed  in  two  hours  over  10  grammes  of 
ore,  the  temperature  being  maintained  at  1,000°  C.  =  1,882°  P.; 
during  which  time  the  metal  lost  88  per  cent,  of  its  original  oxygen. 
The  weight  of  the  six  litres  of  water-gas,  namely,  4*018  grammes,  was 
increased  to  5*712  grammes  after  passing  over  the  ore. 

The  oxygen  thus  separated  weighed  per  100  of  ore    ...  16*470 

As  estimated  from  the  carhonic  acid  collected,  the 

carhonic  oxide  removed       8*209 

As  estimated  from  the  water  ooUected,  the  hydrogen 

removed        8*729 


16-988 


Difference  due  to  experimental  error  and  carbon  deposition     ...        *468 


The  gas  after  passing  over  the  ore  would  have  the  following 
average  composition  in  100  parts  by  weight: — 

1. — Oxidized  gaaet. — Carbonic  acid  ...    39*5    Water  vapour    17*2  «=  567 
2. — Unaltered  gases, — Carbonic  oxide       40*5    Hydrogen    ...      2'8  *"  43*3 

100- 

YolumetricaUy  100  volumes  would  contain — 

Vob. 

1.— Carbonic  acid        ...     19-1         Vapour  of  water    ...    20-8  -  89-4 
2.— Carbonic  oxide      ...    80*8         Hydrogen 29*8  -  60*6 


100 


By  weight  1  of  C  as  CO,  is  accompanied  by  1*61  of  C  as  CO. 
„        lofHasH.O  M  1-46  of  H  as  H. 

2  307 

Showing   1*535   of  reducing  gases  to  1  of  C  and  H  as  oxidizing 
gases. 

By  measure  100  volumes  of  the  reducing  (CO  and  H),  are  associated 
with  6*5  of  the  oxidizing,  gases.  Over  ten  grammes  of  the  same  ore  as 
that  used  in  the  former  experiment  6  litres  of  pure  water-gas  was  passed, 
equal  to  60  litres  per  100  of  ore;  the  temperature  as  before  being 
1,000°  0.  =  1,882°  P. 
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Calculated  on  100  grammes  we  have  the  following  nmnbers: — 
Bedaoed  ore,  eqnal  to  88*53  grammes,  as  placed  heyond  the  100 

grammes  of  calcined  ore  so  that  the  water-gas,  partly  converted  into 

water  and  carbonic  acid,  passed  over  it. 


GnunniM. 

The  100  of  fresh  calcined  ore  lost  of  oxygen     . . . 

16-04 

Accounted  for  as  follows: — 

Hydrogen  took  np     

6-99 

Carbonic  oxide  1,        

...       6-22 

Hednoed  iron    „ 

...       3-16 

16-3 

IMfferenoe  due  to  experimental  error  and  carbon  deposition    ...  '38 

The  escaping  gases  were  also  examined  with  the  following  resolts: — 
The  60  litres,  calculated  on  100  grammes  of  calcined  ore,  consisted 
of  30  litres  of  carbonic  oxide,  or  37*50  grammes,  and  30  litres,  or 
2*68  granmies,  of  hydrogen  =s  40*18  grammes  of  original  gas  raised  to 
57'12  grammes  in  the  former  experiment.  By  the  loss  of  oxygen 
absorbed  by  the  metallic  iron  the  weight  was  now  reduced  to  52*89 
grammes,  and  100  parts  by  weight  consisted  of — 

1.— 'Oxidized  ^OMf.— Carbonic  acid    32'6  +  Vaponr  of  water  12*8  -  45*4 
2.'l7iMi2^Mw2^iWM.— Carbonic  oxide  50*8  +  Hydrogen         ...     8*8  -  54'6 

100- 

Yolnmetrically  100  contain— 

1.— <)arbonic  acid       14'3  +  Vaponr  of  water  187  -  28 

2.— Carbonic  oxide    35*0  +  Hydrogen         ...  36*8  -  72 

100 

By  weight— 1  of  C  as  CO,  accompanied  by  1*24  of  C  as  CO. 
lofHasH.O  „  1*26  of  H  as  H. 

2  8-50 

Showing  1*75  of  reducing  gases  to  1  of  C  and  H  as  oxidising  gases. 

By  volume  100  volumes  of  reducing  gases  (CO  and  H)  are  asso- 
ciated with  89  of  oxidising  gases. 

In  the  experiment  just  described  the  oxygen  removed  irom  the 
calcined  ore  (by  H  5*99  grammes  and  by  CO  6*22  grammes)  was  12*21 
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grammes;  while  the  reduced  ore  took  up  only  8*16  grammes  or  a 
little  under  26  per  cent,  of  that  lost  by  the  oxidized  ore,  both  con- 
tainiug  the  same  quantity  of  metallic  iron. 

There  is  not  the  slightest  reason  to  suppose  that  the  immenae 
surface  of  highly  heated  iron  which  fills  the  interior  of  a  blast  fnmaoe 
would  not  amply  suffice,  so  long  as  it  retained  the  temperature  proper 
to  the  smelting  process,  to  decompose  all  the  carbonic  acid  and  vapour 
of  water  exposed  to  its  influence.  Admitting  however  that  only  26 
per  cent,  of  the  metal  was  re-oxidized,  and  taken  up,  as  it  would  be, 
by  the  slag,  the  cost  of  the  remainder  of  the  iron  would  be  raised  to  a 
corresponding  extent — not  to  speak  of  the  physical  difficulty  of  working 
a  blast  f  omace  in  which  one-fourth  of  its  iron  was  running  over  the 
slag  notch.  Instead  of  cast  iron  we  should,  under  the  supposed  con- 
ditions, have  an  infusible  mass  and  a  cinder,  the  corrosive  action  of 
which  no  brickwork  could  withstand. 

What  the  ultimate  fate  of  the  furnace  itself  would  be  under  such  a 
mode  of  treatment  we  shall  probably  never  know,  for  it  is  not  to  be 
supposed  that  the  operation  would  be  continued  long  enough  to  supply 
us  with  this  information. 

I  met  recently  with  the  account  of  an  experiment  in  which  an  attempt 
was  made  to  drive  a  fomace  partly  with  coke  and  partly  with  water- 
gas.  On  the  circumstances  and  conditions  of  this  experiment  I  should 
like  to  say  a  few  words;  because  they  seem  to  me  to  confirm  the 
general  views  just  laid  down.  A  small  ftimace  was  constructed,  21 
feet  high,  in  which  with  blast  heated  in  a  Cowper's  fire-brick  stove  a 
few  cwts.  only  of  metal  were  made  per  day  with  an  expenditure  of 
about  7  tons  of  coke  per  ton  of  iron.  No  information  is  given  to 
account  for  the  singularly  defective  character  of  these  results.  Forty 
years  ago  I  worked  a  fiimace  20  feet  high-— of  larger  diameter  it  is 
true;  but  out  of  it  7  tons  a  day  were  run  with  an  expenditure  of  only 
2  tons  of  coke  per  ton  of  metal,  although  the  blast  was  under  650°  F. 

To  the  furnace  now  referred  to  water-gas  was  then  applied — not 
alone  as  has  been  intimated,  but  with  the  retention  of  a  considerable 
quantity  of  coke,  which  was  introduced  into  it  with  the  ore  and  flux. 
The  daily  produce,  in  24  hours,  was  then  about  6^  tons  and  the 
consumption  of  coke  per  ton  of  iron  was : — 
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Owto. 

Charged  as  such  into  the  blast  furnace  80'84 

Consumed  in  the  water-gas  generator  2574 


Total  coke  per  ton  of  iron  56*06 

The  temperature  of  the  blast  is  not  given;  bat  that  of  the  water- 
gas  is  stated  to  have  been  600°  C.  (1,112*^  F.)  exactly  that  previously 
assamed  in  these  pages.  The  limestone  per  ton  of  iron  was  under  4 
cwts. 

The  description  of  the  experiment  does  not  contain  the  details 
necessary  for  making  any  critical  examination  of  all  the  results;  but 
it  is  stated,  that  operations  had  to  be  suspended  owing  to  the  '^chilling" 
of  the  furnace.  This  difficulty  was  ascribed  to  the  quantity  of  moisture 
in  the  ore — ^the  oolitic  of  Luxemburg — which  contained  in  all  19*50 
per  cent,  of  volatile  matter.  To  expel  this,  probably  a  couple  of  cwts. 
of  coke  would  have  sufficed  on  each  ton  of  irOn  made. 

I  am  however  confirmed  by  what  is  said,  in  my  view  of  the  oxidiz- 
ing tendency  which  the  presence  of  carbonic  acid  and  vapour  of  water 
must  confer  on  the  gases  of  the  hearth ;  for  it  is  stated  in  the  account 
given  of  the  trial  that  the  mineral  used  contained  34*50  per  cent,  of 
iron,  while  the  pig  iron  produced  only  corresponded  to  a  yield  of  25*6 
per  cent.  Here  then  we  have  a  furnace  within  which  and  indepen- 
dently of  the  water-gas  nearly  as  much  coke  is  consumed  per  ton  of 
metal,  as  would  alone  in  the  ordinary  blast  furnace  suffice  for  its 
production,  and  at  the  same  time  actually  wasting  25|  per  cent,  of  all 
the  iron  in  the  ore — ^no  doubt  by  the  oxidizing  character  of  the 
products  of  the  combustion  of  the  water-gas,  that  combustion  being 
obtained  at  the  expenditure  of  25*74  cwts.  of  coke  on  the  ton  of 
iron. 

While  admitting  that  the  dimensions  of  this  experimental  furnace 
were  not  such  as  to  command  any  large  measure  of  success,  to  my 
mind  the  indications  it  has  furnished,  confirm  the  opinion  that  for 
reducing  iron  in  a  blast  furnace  water-gas  will  be  found  entirely 
unsnited.  That  the  introduction  of  a  moderate  quantity  of  this 
form  of  fuel,  in  the  way  practised  and  abandoned  by  Mr.  Dawes 
many  years  ago,  may,  while  wasting  a  portion  of  the  iron,  partly 
free  the  remainder  from  silicon  and  phosphorus,  is  not  impos^ble. 
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When  in  the  discharge  of  mj  dnty  as  a  judge  at  the  Philadelphia 
Exhibition  in  1876,  my  attention  was  drawn  to  a  specimen  of  iron 
described  as  having  been  smelted  with  petroleom  injected  at  the  tayeres. 
No  information  was  given  as  to  the  circumstances  under  which  it  was 
produced. 

The  experiment  has  been  repeated  by  Mr.  E.  W.  Shippon^  of 
Meadville  in  Pennsylvania,  who  forced  in  a  stream  of  this  oil  previous^ 
heated.  At  the  commencement  of  the  trial  the  furnace  was  being 
worked  with  vegetable  fuel;  and  although  the  temperature  of  ibe 
hearth  previously  was  satisfactory,  the  moment  this  liquid  hydro- 
carbon was  introduced,  the  cooling  effect  was  such  that  it  was  no 
longer  possible  to  effect  a  separation  of  the  iron  from  the  slag. 

*  Journal  of  United  States  Association  of  Charooal  Workers,  Nov.,  1882. 
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SECTION  XIL 


ON  THE  PRODUCTION  OF  MALLEABLE  IRON  IN  LOW 

HEARTHS  FROM  PIG  IRON. 

We  have  now  seen  how  the  metal  iron,  gradually  freed  from  its 
•associated  oxygen  during  its  passage  through  the  blast  fnmsuoe, 
.arrives  at  the  zone  of  fosion  intensely  heated,  and  there  enters  into 
•combination  with  carbon  and  other  substances,  the  product  being  cast 
iron. 

In  the  arts  this  commodity  is  one  of  great  importance.  It  melts 
readily,  takes  the  form  of  any  mould  into  which  it  is  poured,  and  is 
-easily  shaped  in  the  lathe  and  by  other  well-known  appliances.  Com- 
pared with  wrought  iron,  cast  iron  is  deficient  in  strength  by  about 
one  half  to  three  fourths ;  and  above  all  it  is  entirely  devoid  of  that 
property  which  renders  the  malleable  metal  so  valuable,  namely  its 
•capability  of  being  welded  or  worked,  when  softened  by  heat. 

To  free  cast  iron  from  those  substances  which  interfere  with  maUea- 
bflity,  various  modes  of  treatment  are  adopted ;  and  it  is  to  a  consi- 
deration of  these  that  the  remainder  of  this  work  will  be  devoted,  so 
far  as  the  manufacture  of  the  metal  is  concerned. 

It  is  proposed  to  do  this  in  a  much  more  concise  manner  than  has 
been  followed  with  regard  to  the  smelting  of  the  ore.  The  latter, 
from  its  more  complicated  character,  necessarily  involved  a  more 
lengthened  discussion ;  and  it  is  moreover  a  section  of  the  processes 
to  which  my  own  attention  has  been  more  especially  devoted,  particu- 
larly during  the  last  dozen  years. 

The  chief  object  of  what  follows  is  to  set  forth  certain  principles, 
more  or  less  apparent  in  all  the  processes  by  which  the  impurities,  as 
we  may  regard  them,  are  separated  from  the  iron  itself. 
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When  pig  iron  was  first  placed  in  the  hands  of  the  bar  iron  maker, 
the  pnlj  means  at  his  disposal  waa  the  low  hearth,  in  which  he  had 
been  accustomed  to  obtain  his  product  direct  from  the  ore.  Of  this 
primitive  contrivance  there  exist  several  modifications,  used  for  separa- 
ting the  carbon,  silicon,  etc.,  from  the  pig. 

At  first  sight  there  appears  a  certain  amount  of  inconsistency  in 
the  adaptation  of  an  apparatus  to  a  function  entirely  opposed  to  that 
to  which  it  was  originally  devoted.  A  chief  office  of  the  Catalan 
hearth  was  the  reduction  or  deoxidation  of  the  ore ;  in  the  Lancashire 
fire  and  other  analagous  appliances  the  object  to  be, achieved  is  the 
(mdationy  more  or  less  completely,  of  the  carbon  and  metalloids,  found 
in  combination  with  the  metal  in  the  pig. 

No  doubt  the  workman  endeavoured  so  to  manipulate  his  fuel  and 
blast,  as  to  mitigate  the  evil  refeiTed  to.  His  endeavour  in  the  ore 
hearth  was  dii'ected  to  maintain,  as  far  as  he  was  able,  a  reducing 
action  among  the  charcoal ;  while  in  the  operation  of  "fining,"  as  it 
is  termed,  the  removal  of  the  carbon  and  other  substances  required 
the  presence  of  an  oxidizing  atmosphere. 

We  have  already  seen  how  large  a  waste  of  metal  accompanied  ohe 
use  of  the  Catalan  furnace,  as  compared  with  the  blast  furnace,  where 
the  loss  from  this  cause  is  reduced  to  a  minimum.  The  low  hearths 
employed  for  obtaining  wrought  iron  from  the  pig  had  to  contend 
against  the  same  disadvantage,  caused  by  the  free  exposure  of  the 
porous  malleable  product  to  an  atmosphere  which,  from  its  richness  in 
carbonic  acid,  could  not,  at  the  high  temperature  of  the  operation, 
fail  to  be  one  of  a  highly  oxidizing  nature.  In  this  particular  however 
it  occupied  a  diflFerent  position,  when  compared  with  its  eventual  rival 
the  puddling  furnace,  to  that  of  the  Catalan  furnace  when  contrasted 
with  the  blast  furnace ;  for  in  both  these  modes  of  obtaining  malleable 
iron  from  the  crude  metal  the  waste  is  considerable,  whereas  as  has 
just  been  stated  the  loss  of  iron  in  the  blast  furnace  is  practically  nU. 

When  the  Lancashire  fire  is  looked  at  as  a  means  of  producing  an 
article  of  excellent  quality,  it  is  a  process  which,  in  spite  of  its  imper- 
fections, deserves  some  notice ;  for  it  has  maintained  its  ground  amid 
all  the  conmiereial  changes,  which  have  brought  a  certain  embarrass- 
ment upon  some  other  branches  of  the  iron  trade. 
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It  ifl  a  litde  hazardons  to  venture  on  expressing  an  opinion  as  to 
the  future  of  a  mode  of  manufacture  which  still  continues  to  be 
followed  in  Sweden  and  Bussia,  for  producing  the  finest  brands  of  iron 
known  in  commerce.  If  the  system  is  expensive,  it  yet  possesses  the 
recommendation  of  being  calculated  to  remove  impurities,  by  the 
very  waste  of  iron  which  accompanies  its  practice. 

It  might  be  considered  that  any  extraordinary  precautions  in 
treating  such  pig-irons  as  are  employed  for  the  high  qualities  of  bar 
iron  in  question  would  be  superfluous;  since  the  ore  employed  for 
their  manufacture  is  almost  free  from  sulphur  and  phosphoiois,  and 
charcoal,  the  fuel  used  in  Sweden  and  Russia  for  the  blast  furnace  and 
Lancashire  and  Walloon  fires,  is  the  purest  form  of  solid  combustible 
with  which  we  are  acquainted. 

Much  progress  may  fairly  be  claimed  as  having  been  made  in  con- 
necting certain  defects  in  malleable  iron  with  the  presence  of  certain 
foreign  bodies ;  although  there  is  no  doubt  something  yet  to  learn 
before  any  well  defined  law  can  be  laid  down,  which  will  determine 
the  quality  of  iron  by  the  exact  amount  and  nature  of  the  impurities 
found  associated  with  it.  The  difference  m  content  of  phosphorus 
may  easUy  account  for  the  superior  excellence  of  the  three  foreign 
brands  enumerated  below,  when  compared  with  the  make  of  some  of 
our  best  known  British  firms.  One  of  the  latter,  from  West  York- 
shire, is  of  its  kind  much  esteemed,  and  commands  a  very  high  price ; 
and  the  other,  although  less  well  known,  is  remarkable  for  its  purity, 
bearing  in  mind  the  fact  that  it  is  made  exclusively  from  Cleveland 
pig  iron,  which  in  itself  contains  an  excessive  amount  of  phosphorus. 

HopUxu, 


Carbon 

Silicon 

Sulphur 

Phosphorus 

Manganese 

Arsenic 


Swedish. 

West 
TorkahJre. 

•Id2 

OOkes. 

and  Co. 

DANKS 

-040 

•200 

•066 

nlL 

•100 

•016 

•012 

nil. 

-026 

•010 

•025 

-006 

•100 

-067 

•085 

niL 

•050 

•086 

•068 

ml. 

nU. 

Copper  -010 

•026 

Total  foreign  bodies 
Iron  • .  • 


•046 
99^966 


•476 
99*526 


•881 
99-619 


•260 
99740 


100- 


100^ 


100- 


100- 
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A  great  advantage  attending  the  Swediah  mode  of  making  malleable 
iron  is  the  perfect  manner  in  which  scoria  as  well  as  the  associated 
metalloids  are  separated  from  the  product.  This  will  be  seen  on  re- 
ferring to  the  analyses  in  which  Swedish  bars  are  shown  to  contatn 
fully  99J  per  cent,  of  iron  (Fe).  Some  addition  to  the  "foreign 
bodies"  in  the  British  iron  ought  to  be  made  for  the  scoria,  wtich 
however  is  very  variable  in  its  amount. 

The  following  is  the  composition  of  the  pig  metal  used  for  making 
the  malleable  iron  given  in  the  previous  page : — 


Swedish. 

Went  Yorkshire. 

Hopldiii,  GOkeB. 
and  Co..  develaod 

Carbon 

4-00  to  4-50 

3686 

8-360 

Silicon 

•20  „     -50 

1-265 

1-650 

Sulphur 

•01   „     -03 

•038 

•140 

Phosphorus 

•01  „      16 

•666 

1-660 

Mang^iese 

tr.   „  1-80 
4*22       6^98 

nil. 

nil. 

Total  impurity... 

6*639 

6-690 

When  we  recollect  that  the  ore  from  which  Swedish  iron  is  manu- 
factured contains  from  15  per  cent,  to  20  per  cent  of  foreign  matter, 
it  is  no  small  thing  to  say  in  &vour  of  a  process  that  in  two  operations 
or  three  including  the  foi^e,  it  gives  us  a  product  of  which  99*95  per 
cent,  may  be  pure  iron. 

Forty  specimens  of  scoriae  from  the  Lancashire  hearth  gave  on 
analysis  an  average  of: — 

Percent. 
Silica        9^52 

Peroxide  of  iron 12*97  )       ^.  <«^  . 

wi    X    .J  *,^  r  "64-88  iron. 

Protoxide      „ 71-06  1 

„        manganese     3*66 

Lime,  alumina,  etc 2*81 


100- 


Partly  from  my  own  ohservations,  but  chiefly  from  those  of  my 
friend  Professor  Bichard  Akerman  of  Stockholm,  I  have  drawn  up 
the  following  short  account  of  the  work  performed  in  the  so-called 
"Lancashire  fire/'  as  imported  into  Sweden  from  South  Wales,  where 
it  was  at  one  time  extensively  employed  in  making  iron  for  tin 
plates. 
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The  fires  vary  in  size,  so  that  the  produce  itmges  from  7  to  15 
tons  of  blooms  per  12  shifts,  each  fire  being  managed  by  2  to  8  men 
scooriing  to  size.  Taking  two  of  these  men  as  earning  88.  6d.  per 
shift,  which  was  the  average  wage  when  I  was  in  Sweden,  the  labour 
only  amounts  to  from  10s.  to  12s.  per  ton.  The  consumption  of  char- 
coal, using  air  at  212®  F.  (100®  C),  is  given  at  about  1,400  lbs.,  per 
ton  of  blooms.  In  some  of  the  Swedish  works  charcoal  is  obtained  at 
a  small  outlay.  Immense  quantities  of  logs  are  sawn  up  into  planks, 
and  the  cuttings,  valueless  for  other  purposes,  are  burnt  into  charcoal. 
In  this  way  the  fuel  supplied  to  the  iron  works  occasionally  costs  as 
little  as  206.  per  ton,  and  in  some  rare  instances  even  less  than  this. 
The  waste  of  pig  iron  in  the  fire  is  stated  to  be  18  per  cent. 

These  blooms  are  drawn  into  bars  under  the  hammer  for  the  finer 
qualities.  For  this  the  labour  costs  about  12s.  per  ton,  the  waste  being 
10  per  cent,  and  the  fuel  about  12  cwts.  per  ton  of  bars. 

The  expense  incurred  for  fuel  is  of  course  enormous;  but  this 
item  in  the  cost  of  manufacture  is  high,  not  from  the  extraordinary 
quantity  required,  but  from  its  high  price.  The  waste  of  iron  is  some- 
thing more  than  would  be  incurred  in  making  bars  of  a  similar  size 
from  puddled  iron.  The  fuel  used  in  the  conversion  of  the  pig  to  the 
malleable  form  is  about  5  cwts.  more  than  that  required  in  a  modem 
forge  and  rolling  mill. 

Taking  pig  iron  at  60s.  per  ton,  at  which  price  or  even  less  it  is 
sometimes  made  in  Sweden,  we  have  the  following  as  the  cost  of  metal, 
labour,  and  fuel  required  for  producing  wrought  iron  in  these  old- 
fashioned  Swedish  iron  works: — 


26  cwts.  of  pig  iron  at  608.  per  ton.  

26  to  80  cwts.  of  charcoal  at  20b.»  fmy  27^  cwta.... 

MJKktJ%J%MA  •*•  •••  •■«  •••  •■.  ■»< 


£     B.       < 

1. 

3  18 

0 

1    7 

6 

1    3 

0 

£6    8 

6 

To  this  cost,  which  is  a  very  fevourable  one,  a  considerable  sum 
for  other  expenses  has  of  course  to  be  added.  When  however  the 
selling  price  of  the  commodity,  which  is  often  as  high  as  £10  ox  £V2 
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per  ton^  is  taken  into  the  aoooant^  it  is  easy  to  ji^rceive  that  for  the 
finer  brands  there  is  no  reason  to  abandon  the  manofacture  of  Swedish 
bars,  nor  indeed  to  substitute  other  more  modem  systems  for  that  in 
present  use. 

In  the  statements  of  cost  and  waste  it  must  be  borne  in  mind 
that  the  Swedish  bar  is  a  finished  product,  whereas  to  iron  made  in 
a  puddling  fiirnace  has  to  be  added  the  expense  and  loss  of  metal 
incurred  in  re-rolling. 

The  total  quantity  of  hearth-refined  malleable  iron  produced  in 
Sweden  is  about  240,000  tons,  and  in  Bussia  about  300,000  tons,  of 
which  latter  a  considerable  proportion  is  obtained  by  means  of  the 
puddling  process.  The  actual  quantity  therefore  of  the  finer  qualities 
of  bars  made  in  the  old  fires,  is  but  a  very  insignificant  proportion  of 
the  entire  make  of  the  world. 

Until  very  recently  the  same  process  as  that  just  described  was 
extensively  followed  in  Great  Britain  for  the  manufacture  of  •'tin- 
plate  bars."  The  pig  iron  employed  was  of  good  quality  smelted  and 
refined  with  coke.  The  "metal"  (refined  pig)  was  placed  in  the  hearth 
and  kept  covered  with  charcoal  and  blast  applied,  which  was  continued 
until  the  fluid  metal  was  converted  into  a  solid  mass  of  malleable  iron. 
This  was  drawn  from  the  fire  and  hammered  into  a  'Hump."  A 
second  heat  applied  to  the  lump  enabled  the  workman  to  produce 
a  "bloom"  under  the  hammer  which,  after  being  reheated,  was 
rolled  out  into  bars  ready  for  the  sheet  mill.  Mild  steel  however  has 
now  almost,  if  not  entirely,  superseded  iron  in  the  tin  plate  works, 
so  that  this  connecting  link  with  byegone  days  in  iron  making  is  fast 
disappearing  in  the  United  Kingdom,  if  indeed  it  has  not  already  so 
disappeared. 

The  antiquated  method  of  producing  malleable  iron  which  we  are 
considering,  has  a  certain  technical  as  well  as  a  historical  value. 
Having,  by  the  favour  of  Messrs.  Knights  of  Kidderminster,  had  acoesB 
to  the  books  of  their  ancestors,  beginning  165  years  ago,  I  cannot  refrain 
from  making  a  few  extracts  from  documents  which,  perhaps,  will  not 
&il  to  interest  those  whose  furnaces  make  in  one  week  as  much  pig 
iron  as  the  Hales  furnace  at  the  Stour  works  did  in  the  whole  of 
1727. 
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In  that  year  477  tons  6  cwts.  1  qr.  5  lbs.  of  "raw  iron"  was 
produced  at  the  following  cost: — 


£ 

B. 

d. 

Rent  of  furnace     

0 

2 

10^  per  ton 

■ 

Clerk's  salary         

0 

4 

2 

Travelling  expenses,  etc 

0 

1 

0 

Wages  and  common  charges        

0 

8 

oi 

Ironstone,  947  blooms,  costing  128.  per 

bloofHf  consumption  1*98  per  ton  pig. . . 

1 

8 

6 

Charcoal,  costing  428.  8d,  per  load,  2*44 

per  ton  pig      

6 

4 

51 

u  teusiis        •••         ■•.         •••         •••         •.. 

0 

0 

71 

7    4 

8i 

Interest  on  capital 

0    9 

6i 

£7  14 

3 

The  selling  price  appears  to  have  been  about    8  11    6 

The  firm  possessed,  at  that  time,  two  forges  at  Whittington  and . 
Oookley  where  the  chief  part  of  the  produce  of  their  furnace,  along  with 
other  pig  iron  was  made  into  bars.    In  that  year  the  production  of 
the  two  establishments  was  about  621^  tons  which  was  sold  at 
£20  12s.  8d.,  leaving  a  profit  of  £1  16s.  6d.  per  ton. 

In  the  year  1740,  the  Hales  furnace  ran  780|  tons  of  pig  iron,  the 
cost  of  which  works  out  as  follows: — 


£    B.    d. 


Rent  of  furnace,  Is.   8id.;  clerk's  salary,  28.;  travelling 
expenses,  Onu*       •••         •••         .••         .<.         ...         ,,• 

Wages  and  common  charges 

Ironstone,  1,822  hloonut,  ISs.  6d.  per  bloom  (2*33  blooms  per 

DOu  ^*K/       *••  •••  •*•  *•■  ••*  •■•  ••• 

Charcoal,  1,658  loads,  SSs.  6d.  per  load  (2*08  loads  per 

%AJ»^    WEpL  J    ■■•       ■••       •••       •••       ■••       •••       ••• 


Interest ... 


0 

4 

If 

0 

9 

7J 

1 

11 

6 

8 

9 

lOJ 

6  16 

2 

0 

6 

4 

£6 

1 

6 

Selling  price  for  this  year  was  6    9    4 
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At  five  forges  the  make  of  hammered  bars  was  2,002  tons  16  cwts. 
1  qr.  28  lbs.  or  an  average  of  400  tons  at  each  establishment  The 
cost  per  ton  delivered  at  works,  as  nearly  as  I  can  make  out  frcnn  the 
accounts  seems  to  have  been: — 

£  t.  d. 
Pig  iron  (average  price,  £6  is.  9d.  per  ton)  28*60  cwts.  7  7  8 
Charcoal  (         „  828.  per  load)  1*86  loads      2    8    6 

Pit  coal  for  drawing  oat  iron  (no  weight  given)     0    4  10 

Wages  to  finers,  98. 1^.;  wages  to  hammermen,  Ts.  2^....       0  16    4 
Wages:  carpenter.  Is.;  smith,  6d.;  stock  taker.  9id.;  clerk, 

JLB«  vUm  ■••  •«•  «■•  ■■•  •••  •••  •••  \^        w        ^^X 

Common  charges — ^probably  including  some  labour  ...      0    6    6 

Coals  to  workmen,  lOd.;  utensils,  6d.  0    14 

Travelling  expenses,  9:^.;  rent,  4«.  lOid 0    5    7^ 

11    9    (^ 

Interest  on  stock  charges       ...         ...         ...      0    8  lOi 


£11  17  11 


A  large  proportion  of  the  entire  make,  viz.  1,608  tons,  appears  to 
have  been  converted  into  nail-rods  at  some  neighbouring  slitting  mills, 
for  which  about  £15  per  ton  was  paid  when  the  forge  owner  stood  the 
waste,  and  £81  when  this  was  at  the  charge  of  the  slitting  mill  pro- 
prietor. 

It  is  a  little  curious  to  compare  the  mercantile  transactions  of  what, 
at  that  daj,  must  have  been  a  large  concern,  for  as  we  saw  in  Section 
II.  the  entire  make  of  pig  for  the  year  in  question  was  only  17,350  tons. 

In  the  books  of  this  firm  for  1740  there  appear  the  names  of  64 
customers.  The  largest  quantity  received  by  any  one  firm  during  the 
year  was  187  tons  and  the  average  of  the  whole  was  about  28  tons. 
The  profit  realized  in  the  forges  was  42s.  per  ton. 

As  a  matter  of  strict  comparison  the  figures  illustrating  the  manu- 
facture 142  years  ago  have  little  value,  owing  to  the  change  in  the 
value  of  money  and  to  the  great  increase  in  the  cost  of  labour. 

The  waste,  28'60  cwts.  of  pig  per  ton  of  bars,  is  low;  but  this  is 
probably  due  to  pig  iron  being  charged  by  a  different  ton  to  that  which 
was  adopted  in  the  sale  of  finished  iron.  I  may  add  that  so  far  as  my 
examination  of  these  old  books  goes  I  have  not  found  anything  which 
explains  what  is  meant  by  a  bloom  of  ironstone  or  a  load  of  charcoal. 
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SECTION     XIII. 


ON  THE  RBPINEET  AND  THE  PUDDLmO  FUfiNACE. 

The  carbon  and  silicon  which  enter  into  the  composition  of  pig  iron  ' 
oonfer  upon  it  fluidity  at  high  temperatures;  but  the  silica  resulting 
from  the  oxidation  of  the  silicon  during  the  process  of  puddling  has  a 
great  tendency  to  corrode  the  furnace  in  which  this  operation  is  per- 
formed. 

I  am  unacquainted  with  any  minute  details  of  the  diJBBculties, 
chemical  or  otherwise,  which  no  doubt  beset  Oort  in  his  first  attempts 
to  puddle  iron  on  sand  bottoms.  The  formation  of  a  fusible  silicate  of 
iron,  generated  by  the  action  of  the  fire  on  the  metal  itself,  would 
speedily  melt  the  masonry  or  sand  fettling  with  which  it  came  in 
contact; — an  inconvenience  to  which  the  floor  of  oxide  of  iron  suggested 
by  8.  B.  Sogers  would  also  be  liable,  although  to  a  much  lesser  extent. 

Mr.  Edward  Williams  informs  me  that  the  use  of  the  '*  sand 
bottom"  had  been  generally  abandoned  before  he  was  old  enough  to 
remember  much  of  its  peculiarities.  His  impression  is  that  it  did  its 
work  badly;  because  it  was  necessary  to  avoid  the  accumulation  of  fluid 
cinder,  for  the  exit  of  which  there  was  ample  provision.  This  com- 
parative absence  of  cinder,  rich  in  oxide  of  iron,  which  in  puddling,  as 
in  refining,  is  the  agent  which  efifects  the  removal  of  the  phosphorus, 
could  not  fail  to  damage  the  quality  of  the  product.  To  some  extent 
I  apprehend  this  evil  would  be  counteracted  by  previously  passing 
the  pig  iron  through  the  refinery,  and  by  the  time  required  in 
puddling  a  **  heat"  which  occupied  three  hours} 

The  improvement  suggested  by  S.  B.  Rogera  for  puddling  iron  was 
scarcely  inferior  in  point  of  importance  to  the  original  idea  of  Cort's. 
By  it,  the  iron  floor  covered  with  oxide  of  iron,  already  mentioned, 
the  process  was  greatly  shortened  and  the  phosphorus  more  effectually 

*  Iron  Metallurgy,  1858,  by  S.  B.  Rogers,  p.  237. 
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removed  than  in  Cortes  original  furnace.  The  valne  of  Sogers' 
invention,  in  respect  to  the  removal  of  phosphorns,  seems  not  to  have 
been  suspected  by  himself;  for  in  his  work  on  Iron  Metallurgy  he 
rarely  alludes  to  phosphorus,  but  confines  himself  to  the  importance  of 
ridding  the  metal  of  sulphur.  This,  however,  signifies  nothing  in 
estimating  the  value  of  the  invention,  for  which  its  author,  like  his 
predecessor  Cort,  never  received  any  reward  from  the  fruits  of  their 
labours. 

Anterior  to  the  use  of  the  iron  bottom  in  puddling  iron  the  forge 
and  mill  cinders  were,  owing  to  their  content  of  phosphorus,  of  little 
or  no  value.  By  Rogers'  improved  mode  of  puddling,  pig  iron  con- 
taining an  increased  amount  of  this  substance  could  be  employed  in 
the  manufacture  of  malleable  iron,  at  all  events  for  certain  purposes. 
This  change  of  conditions  enabled  the  iron  masters  of  South  Wales  to 
employ  profitably  the  large  accumulations  of  "cinder"  remembered  by 
many  of  the  older  members  of  the  trade. 

It  would  soon  be  discovered  that  the  exposure  of  pig  iron  to  the 
action  of  the  blast,  in  one  of  the  old  fires,  was  advantageous,  because 
by  this  means,  a  large  proportion  of  the  silicon  was  separated,  although 
the  operation  was  arrested  before  any  very  great  quantity  of  the  carbon 
was  burnt.  This  preliminary  treatment  or  refining  of  crude  iron,  in 
the  so-called  "running-out-fire"  before  it  was  rendered  malleable  by 
puddling,  continued  in  general  use  for  fifty  years  after  Cort  first  intro- 
duced the  latter  process,  which  speedily  superseded  almost  entirely  the 
Lancashire  and  analagous  fires. 

The  nature  of  the  smelting  furnace  enables  us  tofoUow  with  a  con- 
siderable amount  of  precision  the  progress  of  the  reduction  of  the  ore. 
This  is  effected,  as  we  have  already  seen,  by  an  examination  of  the 
composition  of  the  gases,  as  they  ascend  and  are  brought  in  contact 
with  the  minerals  under  treatment.  This  mode  of  procedure  is  how- 
ever not  practicable  in  the  refinery,  the  action  of  which  it  is  now  pro- 
posed to  consider.  Owing  to  the  very  small  dimensions  of  the  latter, 
it  would  be  impossible  to  collect  specimens  of  gas,  which  would  cor- 
rectly set  forth  the  precise  nature  of  the  combustion  produced  by  the 
action  of  the  blast  on  the  coke. 

It  is,  however,  easy  to  calculate  the  quantity  of  air  delivered  to 
the  refinery,  based  upon  the  displacement  which  takes  place  in  the 
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blowing  cylinder.  The  difference  between  the  real  and  the  estimated 
quantity  of  blast  upon  this  mode  of  estimate,  has  been  ascertained,  by 
analysing  the  furnace  gases  at  the  Clarence  works,  to  be  about  11  per 
cent.  This  assumption  is  based  on  the  air  admitted  being  converted 
into  carbonic  oxide.  Betums  obligingly  furnished  to  me  from  the 
Bowling  and  Monkbridge  works  would  indicate,  after  making  a 
similar  allowance  of  11  per  cent,  that  the  result  shows  a  considerable 
waste  of  air,  eyen  supposing  all  the  carbon  were  burnt  to  the  state  of 
carbonic  add.  I  have  made  out  two  accounts  of  refinery  workings  so  as 
to  show  the  amount  of  oxygen  needed  to  bum  the  carbon  of  the  pig 
iron  and  coke  to  carbonic  add,  and  to  oxidise  the  iron  and  metalloids. 

Oiysan. 
Lbi.  Um. 

To  oxidize  the  iron  wasted  to  state  of  protoxide          ...  116*5  —     83*3 

Carbon  of  the  pig  iron  to  CO.     22*4  ,59*7 

Silicon               M              SiO. 67*2  76*8 

Phosphonxs       „             ^t^s     17*9  23*1 

192-9 


The  coke  used  represented  in  point  of  quantity^  in  example  No.  1, 
430  lbs.  of  carbon,  and  in  example  No.  2,  490  lbs.  of  carbon  per  ton 
of  refined  metal.  ko.  i.  n<x  s. 

Lbt.  Lbs. 

Oxygen  to  bnm  carbon  in  coke  to  CO,        1,1467  1,3067 

Oxygen  to  oxidize  iron,  etc.  as  above,  considered 

same  in  both  cases  192*9  192*9 


1,839*6  1,4996 


The  blast  consumed  as  estimated  by  displacement  was  94,000 
cubic  ffeet  for  No.  1,  and  107,100  cubic  feet  for  No.  2. 

Lbt.  Lbt. 

This  means  at  ordinary  temperature  and  pressure 

(60°  F.  and  80  inches  mercury)  of  oxygen 

Less  11  per  cent,  diiference  between  displacement  and 

actual  effect         ...        ...        ...        ...        ... 


1,767 
198 

2,003 
220 

1,564 
1,889*6 

1,788 
1,499*6 

224*4 

288-4 

Oxygen  required  as  per  statement  given  above 
Excess  if  all  C  were  burnt  to  COg     

Although  there  appears  on  the  face  of  these  statements  sufficient 
atmospheric  oxygen  to  bum  all  the  carbon  to  carbonic  acid^  the  exis- 
tence of  a  considerable  volume  of  flame  at  certain  stages  of  the  process 

w 
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is  indicative  of  the  generation  of  some  carbonic  oxide.  Neyerthelees, 
Iboking  at  the  question  as  a  whole,  and  having  regard  to  theprooess 
itself  we  are  safe  in  regarding  the  action  of  the  refinery  on  the  im- 
purities of  the  iron  as  being  one  of  an  'oxidizing  character.  This 
oxidizing  tendency  of  the  atmosphere  of  the  refinery  is  evinced  not 
only  by  the  oxidation  of  the  metalloids  but  also  by  the  fact  that  a  por- 
tion of  the  iron  in  the  cinder  is  actually  peroxidised.  As  is  well  known, 
the  mode  of  conducting  the  operation  is  to  make  use  of  a  certain  quan- 
tity of  cinder,  either  obtained  ^m  a  previous  charge  or  derived  inm 
the  forge  and  mill.  The  following  particulars  of  refining  Cleveland 
iron  were  furnished  by  the  kindness  of  the  Weardale  Iron  Ck>mpany, 


_ Q^- 

Oompositioii  oi 
fIglroxL 

CompQdtioa  of 
KsftDed. 

Iron  by  difference 

92-60 

96-64 

Combined  carbon 

tr. 

1-96 

Graphitic 

M 

3-12 

-64 

Manganese 

•  •  •                 >  •  • 

tr. 

nil. 

Silicon     ... 

•  ••                                 •  •  4 

2-80 

•12 

Snlphur  ... 

•  •   •                                  •  ■  • 

•11 

tr. 

Phosphorufl 

•  •  •                                  •  •  • 

1-47 

-84 

100 

Composition  bof ore                ( 
OpenUon. 

100 

Olndar. 

Oompositloii  sAsr 
Opentiaa, 

Peroxide  of  Iron 
Protoxide    f, 

,ff^[-Pe62^42 
69-961 

2-67  »  ^ 
67-86  J  " 

»♦ 

manganese 

671 

8-90 

SiUca      ... 

■  ••                •  •  •                1 

17-40 

26*41 

•  •  •                 •  •  • 

1-74 

2-20 

Mag:ne8ia... 

t  •  •                •  •  ■ 

tr. 

-24 

Alamina ... 

■ ••                •# • 

2-98 

2-47 

Snlphnr  ... 

■  «•                •  • t 

0-89 

•06 

Phosphoric 

acid 

812 

4-14 

Pe  46-78 


99-68 


99-88 


Pig  iron  used  per  ton  of  refined  iron  22*06  cwts. 

Cinder  added  to  refinery 

„       received  from  refinery 


Lbi.  per  ton  of  nMtoL 
...     376 
...     776 


i 
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The  changes  which  an  inspection  of  these  figures  indicate  are  as 
follows: — ^A  reduction  of  about  20  per  cent,  in  the  quantity  of  carbon^ 
:and  a  conversion  of  the  greater  portion  of  the  remainder  from  the 
•condition  of  graphitic  to  that  of  combined  carbon.  The  small 
qnantities  of  manganese  and  sulphur  have  almost  entirely  disappeared; 
while  the  silicon  has  been  eliminated  to  the  extent  of  96  per  cent.,  and 
Hie  phosphorus  to  that  of  48  per  cent,  of  their  original  quantities. 

It  has  to  be  remarked  however  that  there  is  considerable  irregularity 
in  the  composition  of  the  refined  metal,  as  regards  the  last  two 
mentioned  elements,  which  it  is  the  more  immediate  object  of  the 
process  to  separate.  Seven  casts  made  at  Tudhoe  from  Cleveland  pig 
:gave  the  following  numbers : — 


•023    -018    046    -093    '240     140    -090 

•092 

•424   -412    -446    '674    ^590    470    460 

•496 

Per      Psr      Psr      Per      Per      Per      Per 
Oeat  Cent.    Cent.  Cent    Cent    Cent.   Cent  Per  Cent 

Silicon  in  the  refined  metal 
FhoephoniB  „ 

In  these  examples  the  figures  indicate  an  average  removal  of  about 
'96  per  cent,  of  the  silicon  and  66  of  the  phosphorus,  the  irregularities 
being  possibly  due  to  the  quantity  or  quality  of  the  cinder  employed. 

The  following  table  contains  the  composition  of  four  casts  of  iron 
refined  at  the  Bowling  works,  and  analysed  at  the  Clarence  laboratory. 


PZO  IBOV  OONTATNKD. 

VLKFUHWD  ISOH  OOHTADTBD. 

Per 

Cent 

Carbon. 

Per 
Cent 

Per           Per 
Cent        Cent 
Snlpbur.  Plioeiiihorae. 

Per 

Cent 

CartMn. 

Per 

Cent 

SillooD. 

Per           Per 
Cent         Cent 
Bolphnr.  Phnphom. 

3-72 

1-27 

•029 

•719 

3-49 

•114 

•026 

•370 

3-70 

126 

•042 

•744 

3-33 

•128 

•023 

•368 

3-81 

1-22 

•033 

•644 

8-41 

•128 

•028 

•803 

3-686 

1266 

•083 

•666 

8342 

•180 

•026 

•490 

Av.  3-729      1260        ^034        -643  8-412        ^126        ^024        -880 


The  average  percentage  removed,  calculated  on  the  original 
quantities,  is  carbon  8*5  per  cent.,  silicon  90  per  cent.,  sulphur  29*4 
per  cent.,  phosphorus  40*9  per  cent.  Of  the  four  metalloids  just 
enumerated  carbon  is  the  only  one  which  may  be  regarded  as  indis- 
pensable, and  also  harmless;  because  we  can  in  the  subsequent  stage  of 
puddling  almost  completely  rid  the  iron  of  its  presence,  as  soon  as  it  is 
no  longer  required  to  impart  fusibility  to  the  metal.  Within  certain 
limits  therefore  the  more  carbon  retained  in  the  refined  iron  the 
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better^  because  the  longer  will  the  puddlers'  charge  pofisess  the  pro- 
perty of  remaining  liquid — a  condition  of  things  which  is  most  adTan- 
tageous  for  freeing  the  metal  of  its  silicon^  sulphur  and  phosphorus. 

In  the  case  of  refined  metal  we  commence  with  a  material  com- 
parativelj  low  in  these  three  elements^  as  compared  with  the  pig  iron 
in  its  unrefined  siate.  It  is  therefore  more  quickly  reduced  to  a  given 
point  of  purity  in  respect  to  the  same,  than  would  happen  with  pig 
iron,  containing  much  larger  percentages  of  them.  The  Bowling 
puddler,  instead  of  receiving  refined  metal  containing  2  to  2^  per 
cent,  of  carbon  and  '6  to  '8  per  cent,  of  phosphorus,  as  happens  to  the 
puddlers  operating  with  Cleveland  iron,  has  to  deal  with  his  charge 
with  half  the  above  quantity  of  phosphorus  and  one  half  more  carbon. 
He  has  therefore  to  contend  with  an  evil  of  a  much  less  magnitude, 
and  under  much  better  conditions  for  dealing  with  it,  than  falls  to  the 
lot  of  the  puddlers  in  Cleveland. 

In  refining  good  grey  iron,  a  fraction  above  22  cwts.  of  pig  is 
consumed  for  each  ton.of  the  product;  a  result  which,  having  regard 
to  the  actual  quantity  of  metal  in  both,  shows  an  actual  loss  of  about 
5  per  cent,  of  iron.  In  reality,  the  waste  is  perhaps  a  little  more;  as 
the  cinder  brought  from  other  departments  often  contains  fragments 
of  malleable  iron,  which  of  course  pro  tanto  improve  the  apparent 
yield. 

In  the  manufacture  of  malleable  iron,  each  step  in  the  process  leads 
to  the  production  of  slags,  in  which  the  iron  is  accompanied  by  all  the 
silicon,  phosphorus  and  sulphur  which  have  been  separated  from  the 
metal  employed  in  the  process.  Where  the  object  is  the  manufocture 
of  a  low  class  of  iron,  the  whole  of  the  slag  is  returned  to  the  blast 
frimaces.  This  slag  is  of  such  an  amount,  that  every  ton  of  such  iron 
delivered  to  the  consumer  contains  about  6  cwts.  whidb  has  been 
derived  from  the  refuse  supplied  by  the  forges  and  miUs. 

The  silica  need  not  be  regarded  as  being  hurtful  in  the  blast 
furnace  from  its  excessive  quantity;  but  the  very  fusible  character  of 
the  slags  prevents  their  being  so  thoroughly  acted  on  by  the  redudng 
gases  in  smelting,  aA  is  desirable.  When  therefore  they  are  employed 
in  the  proportion  referred  to,  the  resulting  pig  iron  is  perfectly  white, 
and  is  besides  deficient  in  carbon,  containing  only  2^  to  2^  per  cent 
The  temperature  of  the  hearth  is  lowered,  by  the  arrival  within  its 
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predncts  of  fdsed  nnrednoed  oxide  of  iron,  which  leads  to  a  confiider- 
able  abBoiption  of  saiphnr  by  the  metal^  amounting  in  some  cases  to 
-as  much  as  *75  per  cent.  So  &r  as  the  silicon  itself  is  concerned,  no 
inconyenience  arises  from  its  presence;  for  such  white  iron  as  that  in 
question  contains  as  a  rule  under  1  per  cent,  of  this  element,  or  much 
less  than  the  usual  run  of  grey  pig  made  without  any  admixture  of 
<nnder.  The  cause  of  this  is  easy  to  understand:  the  furnaces  making 
cinder  iron  are  worked  below  the  temperature  required  for  a  plentiful 
reduction  of  silicon,  and  absorption  by  the  iron.  The  sulphur  is  of 
•course  a  yery  undesirable  ingredient  in  iron,  but  it  is  much  less 
objectionable  in  the  raw  materials  than  phosphorus,  because  a  con- 
.siderable  proportion  of  the  former  is  carried  off  in  the  blast  fomace 
cinder,  which  is  not  the  case  to  any  extent  with  the  latter.  The 
phosphorus  would  therefore  go  on  increasing  in  the  pig,  and  would 
then  be  again  returned  to  the  forge,  were  its  accumulation  not  kept 
down  by  the  use  of  hematite  ores,  comparatiyely  free  from  its  presence. 
I  endeayoured  to  estimate  the  quantity  of  phosphorus  and  sulphur 
entering  the  furnace  in  order  to  compare  the  quantity  contained  in  the 
j)ig  iron  and  slag : — 


Calcined  ironstone  contained 
Limestone 

V^^^JbV  •••  •••  •■• 


One  hundred  parts  of  pig  iron  required: — 

240  of  calcined  ironstone,  containing 

60  of  limestone       

120  of  coke    ...        ...        ...        ... 


100  of  pig  contained  of  phosphorus 
140ofskg       „  ,.        -105% 


It  would  thus  appear  that  86  per  cent,  of  the  entire  phosphorus 
has  been  absorbed  in  the  iron,  and  14  per  cent,  has  been  taken  up  by 
the  slag. 

*  This  is  an  unusnaUy  high  percentage  of  phosphorus  for  coke  and  is  probably 
i^Tcrstated. 


Photphonis. 
FttCentw 

Sulphur. 
Par  Cent. 

'522 

•  •  > 

1052 

•Oil" 

•  ■  • 

059 

•266' 

•  •  • 

1-580 

• 

PbosphoniB. 
Par  Cent 

•  •  • 

•  •  • 

1«258 

•  •  • 

•  •  t 

•007 

•  •  ■ 

•  •  • 

•818 

PerCttDt 

1-678 

...    1-441 

•  •  • 

147 

1-fifift 

358 
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The  before-named  quantities  of  materials  contained  of  8alplIlIr^ 


240  of  calcined  ironstone       

60  of  limestone 
X2U  Ox  coke      •••        •■•        •••        •••        ••• 

PerOeat. 
100  of  pig  contained  of  lalphnr        ...    -OOS 
140  of  slag  ,,  at  2-68  96  8-682 

Camedoff  inthegaaesandinthefnme    -681 

4-466 


P«rOent. 
2-626 
•086 
1-896 

4-466 


PerOeotoCWkolB. 

-  2-09 

-  82-64 

-  16-27 


-  lOO^X) 


Notwithstanding  the  nse  of  purer  ore,  the  pig  iron  obtained  whent 
so  much  cinder  is  employed  in  the  fiimace^  being  low  in  carbon  and 
high  in  both  sulphur  and  phosphorus^  is  but  of  indifferent  quality. 
Its  lownesB  in  carbon  and  silicon  renders  it  difficult  of  fusion,  and 
hence^  when  treated  in  the  refinery,  the  loss  is  fully  50  per  cent,  more 
than  that  which  accompanies  the  use  of  good  grey  iron.  Imperfect 
ftision  being  inconsistent  with  the  removal  of  phosphorus,  etc.,  this 
remoyal  can  only  be  conducted  under  circumstances  which  necessarily 
lead  to  an  increased  burning  away  of  the  metal  itself;  and  even  ih^ 
the  elimination  of  the  hurtful  ingredients  is  less  perfect  than  it  should 
be.  Any  attempt  at  a  more  complete  purification  of  the  refined  metal 
by  a  mere  prolongation  of  the  process  only  increases  the  waste  without 
thereby  improving  the  quality  of  the  product.  More  iron  passes  into 
the  cinder,  while  the  semi-fluid  metal  retains  its  phosphorus  with  in- 
creased tenacity.  Such  a  state  of  things  is  shown  in  the  following 
analysis  of  a  charge  of  Clarence  iron,  overblown  in  the  refinery,  and 
that  of  ite  accompanying  cinder: — 


Beflned  Iron. 

Percent. 

OindBr. 

Percent. 

Carbon         

.•      2-07 

Silicon 

-86 

Silica 

...     16-47 

Sulphur 

•06 

Sulphur 

•68 

Phosphorus 

•82 

Phosphoric  acid 

...      4-11 

Calcium,  etc. 

•28 

lAniBf  etc    ... 

...       1-96 

Manganese   ... 

•08 

Protoxide  manganese        -88 

Iran  ... 

..    97-27 

Do.       iron 

...     76-81 

100-94 


99-85 
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In  order  to  follow  oat  the  behaviour  of  the  metalloids  while  a 
charge  was  being  refined,  Mr.  Evans  of  the  Bowling  works  kindly 
sent  me  the  following  samples,  prepared  at  my  request,  which  were 
examined  in  the  Clarence  laboratory.^ 


Ou-bon.       SUiooD.     Solxthor.  Fhoaplionis. 
Per  Cent.    PerOeni.    Par  Gait.    Per  Gent. 


Original  pig  iron  contained  ... 
After  fiudon  in  the  refinery  ... 
10  minntee  after  complete  fiudon 
20             „                      9, 
28              »                        n 
Refined  metal 


8*686. 

8*510 

8-707 

8-644 

8&M 

8*842 


1*266 
•675 
•478 
•278 
•164 
•180 


•088 
•084 
•088 
•082 
•025 
•026 


•666 
•667 
•687 
•680 
•609 
'4Q0 


By  the  favour  of  the  Bowling  Iron  Company,  I  have  also  received 
some  analyses,  made  by  Mr.  J.  W.  Westmoreland,  of  the  cinders  pro- 
duced at  that  well  known  establishment.  Among  these  are  two  speci- 
mens from  the  refineries. 


Data  of  Produofeion  -ATcnge  of  One  Dav's  Work. 
Dea,  1879.  Mw.riSO. 


Silica    ... 

■  •  • 

81-05 

80-81 

Almnina 

»  •• 

4*87 

5-78 

» •  ■ 

1-56 

156 

Ifag^nesia 

»  m  • 

•86 

•73 

Peroxide  of  iron 
Protoxide    » 

■  •  • 

10-08^ 
48-90)  " 

iron  41^47 

3-60 

..,•«•*"  iron  42*44 
51^88 

„       manganeie 

»•  ■ 

5-90 

4-96 

Phosphoric  acid 

•  • 

2-79 

266 

Sulphur 

■  •  • 

•082 

•04 

100^582 

100^81 

The  composition  of  these  slags,  containing  as  they  do  so  large  a 
percentage  of  a  powerftil  acid  such  as  silica,  explains  the  reason  of  a 
less  quantity  of  phosphorus  being  absorbed  by  the  bases  than  happens, 
as  will  be  shown,  when  the  silica  is  in  a  less  preponderating  quantity. 

As  we  shall  hereafter  see,  experience  with  the  Bessemer  converter 
proves  that  atmospheric  air  at  high  temperatures  rapidly  desiliconizes 
pig  iron ;  and  hence  it  will  be  remarked  that  during  the  mere  act  of 


'  These  wiU  be  shown  diagrammaticaily  in  a  future  Section. 
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filsion,  in  the  analyses  just  given,  a  quantity  of  silicon,  approaching 
60  per  cent,  of  the  original  quantity,  has  disappeared  from  the  metal. 
The  same  observation  applies  to  the  carbon  ;  bnt,  owing  no  doabt  to 
the  superior  afSnity  of  silicon  at  this  particular  temperature  for  oxygen, 
the  tbrmer  was  but  slightly  affected  during  the  period  in  which  the 
charge  was  being  melted.  On  the  other  hand^  neither  the  sulphur  nor 
phosphorus  manifest  any  marked  tendency  to  separate  themselves  from 
the  iron  during  the  act  of  fusion,  and  such  portions  as  pass  into  the 
cinder  doubtless  do  so  from  their  affinity  to  the  oxide  of  iron  contained 
in  the  slag.  This  last  named  substance  gradually  increases  in  amount 
in  the  scorisB,  as  the  metal  of  the  charge  is  oxidized  by  the  atmospheric 
air ;  and  then  the  iron-oxide,  agitated  with  the  cinder  by  the  blast, 
has  its  phosphorus  acidified.  In  this  condition  the  phosphorus  is 
absorbed  by  the  slag,  the  iron  of  which  acts  as  a  vehicle  for  acid- 
ifying and  removing  such  remaining  portions  of  the  metalloids  as 
are  separated  by  the  process  of  refining. 

The  refined  metal  is  now  transferred  to  the  puddling  furnaces, 
where  it  is  agitated,  by  means  of  the  puddler's  tool,  with  oxide  of 
iron,  derived  partly  from  the  floor  and  sides  of  the  furnace  and  partly 
from  the  oxidation  of  the  iron  itself.  It  has  been  freed  in  the  refineiy 
from  nearly  half  of  the  phosphorus  it  contained  as  pig  iron,  and  from 
nine  tenths  of  the  silicon  which  in  the  form  of  silica  oonatitutes  so 
formidable  an  obstacle  to  the  combination  of  phosphoric  acid  with 
the  oxide  of  iron  of  the  cinder.  The  absence  too  of  an  excessive 
quantity  of  silica  proves  such  a  protection  to  the  structure  of  the 
furnace  that  the  tendency,  when  using  refined  iron,  is  for  the  floor  to 
gather ;  so  that  at  the  end  of  the  week  a  certain  portion  of  the  accn- 
mulation  has  to  be  removed  by  mechanical  means. 

The  following  statement  illustrates  the  gradual  separation  of  the 
four  metalloids,  from  high  class  pig  to  malleable  iron,  as  to  which  it 
should  be  remarked  a  certain  portion  of  carbon  in  this  case  is  pur- 
posely retained  in  the  final  product : — 


Carbon. 
PttrOeat. 

SUioon, 
Par  Gent. 

Sxdnhur. 
PerOcinl 

Pboa^Mn 
PflrOent 

Cold  blast  iron,  BowUng 

...     3-666 

1-266 

-083 

•665 

„         M  refined  metal     ... 

...     8*842 

•130 

•026 

•400 

Malleable  iron  from  refined  metal 

...       -226 

•109 

•012 

•064 
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In  speakiiig  of  the  process  of  refining^  the  snperior  afl^ity  of 
fiilica  for  the  bases  in  the  cinder  produced  was  referred  to,  as  the 
probable  cause  of  so  small  a  quantity  of  the  phosphorus  being  removed 
fiiom  the  iron.  This  removal  can  only  be  effected  by  the  acidification 
of  this  substance,  and  its  subsequent  combination  with  oxide  of  iron 
or  other  base  in  the  cinder  itself.  In  the  case  of  the  refinery,  owing 
to  the  presence  of  the  silicon  in  the  pig  the  bases  in  the  slag  are 
speedily  saturated  with  acid,  chiefly  silicic,  so  that  there  is  no  room  as 
it  were  for  an  add  of  a  less  energetic  character.  Such  a  state  of 
things  does  not  exist  in  puddling.  At  Bowling  the  silicon  has  now 
been  to  a  great  measure  removed^  and  the  cinder  in  consequence  con- 
tains a  much  less  proportion  of  silica;  and  hence  we  see  that  the 
phosphorus  has  been  greatly  reduced  in  quantity  by  this  second  opera- 
tion. 

The  Bowling  puddling  cinder,  taken  over  a  whole  day  from  six 
furnaces,  was  found  to  be  composed  of — 

Percent. 

Silicft  ...         ...        ...        ...        ...  12*75 

Alumina         ...         ...        ...        ...  2'85 

liiim   ...        ...        ...         ...        •••  *lo 

Masnonft       ...        ...        ...         ...  '18 

Peroxide  of  iron        14*39 . 

Protoxide    „             67*09) 

„           manganese         *56 

Phosphoric  acid        8*12 

Sulphur          ...         ...        ...         ...  *06 


100-66 


The  superiority  of  such  a  cinder  for  removing  phosphorus  as  that 
just  described,  when  compared  with  those  from  the  refinery,  is 
sufficiently  apparent.  Not  only  have  we  a  great  diminution  in  the 
amount  of  the  rival  acid  (silicic)  which  contends  for  the  basic  sub- 
stances with  the  phosphoric,  but  we  have  also  a  great  increase  in  the 
bases  themselves,  and  notably  in  the  oxide  of  iron. 

The  loss  in  puddling  refined  metal  of  the  character  in  question  is 
7^  per  cent. ;  and  we  have  seen  (p.  855)  that  the  loss  in  refining  is 
«bout  9  per  cent.    Hence,  confining  our  attention  to  the  actual  metallic 
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iron  which  has  been  Boorified  during  the  two  operations  of  refining 
and  puddling,  the  waste,  reckoned  upon  the  total  amount  of  pure  iron, 
may  be  taken  at  9  per  cent.,  or  reckoned  upon  the  pig  iron  need,  at 
about  15^  per  cent. 

The  system  of  producing  malleable  iron  just  described  is  virtoally 
a  combination  of  the  old  low  hearth  with  the  puddling  fomaoe  aa 
designed  by  Cort.  In  both  stages  of  the  process  the  oxide  of  iron 
required  for  purging  the  metal  of  the  impurities  it  had  contracted  in 
the  blast  furnace,  is  obtained  by  the  expenniye  method  of  wasting 
metallic  iron;  of  which  about  one-tenth  (9  per  cent.)  was  returned  to 
the  condition  of  oxide  in  order  to  purify  the  remainder.  Such  waa 
about  the  extent  of  the  loss  in  using  good  grey  iron,  but  in  the  case  of 
the  lower  grade  of  metal  already  referred  to  in  these  pages  the  propor- 
tion of  actual  iron  re-oxidized  in  the  refinery  and  puddling  ftimaoe 
would  amount  to  considerably  more  than  this. 

This  and  other  expenses  connected  with  the  refinery  led  the  manu- 
facturer to  endeavour  to  dispense  with  its  use;  for  in  one  way  or  other 
it  had  the  effect  of  adding  20  to  80  per  cent  to  the  cost  of  the  pig 
iron.    There  was  no  difGiculty  attending  a  replacement  of  refined  by 
crude  iron  in  the  puddling  furnace,  to  a  moderate  extent,  but  when 
this  was  exceeded  the  wear  on  the  furnace  became  a  source  of  inam- 
yenience,  which  it  was  attempted  to  meet  by  the  application  of 
fire-clay,  limestone,  and  other  refractory  materials.     The  difScnlty 
arising  from  puddling  pig  iron  was  frirther  augmented  by  the  application 
of  hot  air  to  the  blast  furnace;  since  thereby,  according  to  general 
testimony,  the  reduction  of  silicon  and  the  amount  consequently 
absorbed  by  the  pig  is  increased. 

In  later  years  iron  ores  have  been  largely  employed,  as  a ''  fettling^ 
for  the  puddling  furnace.  At  first  the  ore  was  used  together  with  limestone 
or  fireclay,  but  Mr.  E.  Williams,  alive  to  the  importance  of  getting  rid 
of  phosphorus  by  means  of  oxide  of  iron,  was  among  the  very  first  to 
employ  it  exdusively  as  a  mode  of  protecting  the  sides  and  bottom  of 
the  furnace.  For  this  purpose  choice  was  made  of  those  which  were  as 
free  as  possible  from  earthy  ingredients,  and  contained  but  a  small 
amount  of  phosphorus.  In  districts  such  as  South  Wales,  red  ore  was 
used  in  considerable  quantities  for  the  purpose  in  question,  without  in 
reality  adding  materially  to  the  cost  of  production.    Such  ore  as  that 
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referred  to  was  already  extensively  employed  in  the  blast  fiimace;  and 
it  was  found  that  to  use  it  as  a  lining  for  the  puddling  fomace  before 
it  was  smelted  did  not  greatly  affect  its  value  as  a  mere  ore  of  iron,  %,$,, 
the  cinder  formed  of  ore  and  waste  of  pig  iron  did  not  augment  the 
quantity  of  phosphorus  beyond  what  it  would  have  been  had  the  ore 
been  consumed  direct  in  the  blast  furnace.  So  successftil  were  the 
South  Wales  ironmasters  in  this  modified  form  of  puddling,  that  the 
waste  in  the  puddling  furnace,  when  using  pig,  of  somewhat  improved 
quality  it  is  true,  did  not  greatly  exceed  that  which  took  place  in 
puddling  refined  metal,  the  latter  amounting  to  about  9  per  cent. 

Betums  in  my  possession,  extending  over  six  months,  contain  the 
following  facts,  which,  if  not  absolutely  correct,  may  be  regarded  as 
being  substantially  true: — 


Weekly  Avonce 
Hake  per  Fnrnftoe. 

"-  ar«~    — ■»—  '•.•  .m.  ..^ 

Coal  jper  Ton 
of  Paddled  Bus. 

H^Mtt^ 

Fig. 

TDtaL 

T.    0.     Q.  L. 

0.     Q.  L. 

0.     Q.    L. 

0.     Q.    Lu 

0.  Q.  L. 

16  11    1  24 

10    1  24 

11    8    6 

22     1    2 

13  2  26 

17    6    1  24 

2    3  12 

19    1  19 

22     1     1 

14  0  23 

The  labour  in  puddling  pig  iron  was  more  severe,  and  was  con- 
sequently rather  more  highly  paid  than  that  in  puddling  refined  metal; 
but  in  other  respects  these  figures,  so  far  as  they  go,  prove  a  great 
advantage  in  point  of  economy  by  omitting  the  operation  of  refining. 
The  make  per  fomace,  it  will  be  perceived,  is  larger,  while  the  waste 
is  no  more,  in  the  case  where  a  much  smaller  quantity  of  refined 
metal  was  used. 

There  still  remains  the  question  of  the  extent  to  which  the  quality 

of  the  product  might  be  affected  by  the  suppression  of  the  refinery. 

Fair  grounds  have  been  given  for  assuming  that  the  chemical  purity  of 

the  malleable  iron  will  be  promoted  by  removing  the  silicon  and  phos- 

phoms  firom  the  process  as  early  as  possible,  and  in  as  large  a  quantity 

as  possible.    It  will  however  be  proved  immediately  that,  by  the  use 

of  increased  quantity  of  oxide  of  iron,  it  is  perfectly  feasible  to  begin 

with  a  pig  iron  containing  twice  as  much  of  these  two  metalloids  as  in 

such  iron  as  that  of  Bowling,  and  yet  to  obtain  malleable  iron  with 

only  half  as  much  of  either  as  is  usually  present  in  West  Yorkshire 

brands.    We  cannot  however  assume — ^remembering  all  the  properties 

looked  for  in  wrought  iron  of  the  highest  class,  such  as  malleability. 
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etc. — that  purity  of  composition  is  the  only  requirement.  The  inter- 
position of  non-metallic  matter^  such  as  cinder,  in  a  mass  of  malleable 
iron  intended  for  certain  purposes,  may  be  &r  more  hurtfdl  in  ita 
consequences  than  a  much  larger  excess  even  of  phosphorus.  A  proper 
attribute  of  a  railway  bar,  for  example,  is  as  much  hardness  as  is 
consistent  with  strength,  combined  with  as  great  an  amount  of  homo- 
geneity of  structure  as  can  be  obtained.  As  much  as  *4  per  cent,  of 
phosphorus  is  quite  compatible  with  the  first  of  these  conditions;  but 
probably  *04  per  cent,  of  intercalated  cinder  in  the  iron  might  be  fatal 
to  its  longevity,  by  preventing  perfect  welding  and  cohesion  of  the 
different  bars  which  form  the  ^'pile."  It  is  perhaps  not  unreasonable 
to  conceive  that,  where  the  relative  quantity  of  cinder  to  iron  is  largely 
increased,  as  happens  from  the  increased  use  of  oxide  in  the  puddling 
furnace,  the  danger  just  referred  to  may  be  greatly  intensified. 

There  is  nothing  speculative  in  the  assertion  that  iron  rails,  made 
before  the  complete  discontinuance  of  refining,  were  generally  speaking 
longer  lived  than  those  of  more  recent  manufacture.  No  doubt  in 
later  days  the  permanent  way  of  our  main  lines  has  been  much  more 
severely  taxed  than  was  formerly  the  case.  The  engines  are  more 
ponderous,  the  traffic  is  heavier,  and  the  speed  greater;  but  the 
experience  of  the  North  Eastern  railway  at  aJl  events  indicates  that 
ceteris  jmrtbus  rails  of  iron  have  occasionally  been  made  equal  in  point 
of  durability  to  some  of  steel.  Whether  this  be  due  to  their  having 
been  made  from  refined  metal,  or  whether  indeed  they  were  so  made, 
we  have  unfortunately  little  means  of  proving. 

The  rapid  growth  of  the  Cleveland  iron  trade  which  furnished 
metal  unusually  rich  in  silicon  and  phosphorus,  rendered  additional 
care  in  the  forge  absolutely  necessary.  For  best  purposes  grey  iron 
was  preferred,  in  which  the  large  percentage  of  carbon  and  silicon 
maintained  the  bath  of  metal  long  enough  liquid,  to  enable  a  greatly 
increased  dose  of  oxide  fettling  to  remove  the  phosphorus.  The  cost 
of  the  ore  used  for  this  purpose  was  met  to  some  extent  by  the 
improved  yield  obtained  by  the  puddlers;  for,  the  oxidation  of  the 
metalloids  being  performed  at  the  expense  of  the  iettling,  the  waste  of 
iron  is  not  more  than  that  incurred  in  the  mere  preliminary  processes 
of  refining,  viz.,  between  7^  and  10  per  cent,  on  the  pig  iron  used,  and 
it  is  often  even  lower  than  this. 
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The  amoant  of  oxide  of  iron  employed  in  the  manner  jnst  referred 
to  often  reached  5  cwts.  per  ton  of  paddled  bars^  and  in  some  cases  as 
much  as  8  cwts.  is  nsed.  The  North  Eastern  fiaflway  Company  are 
aocostomed  to  analyse  the  rails  received  from  their  contractors;  and 
the  following  ten  examples  exhibit  the  extremes  of  the  phosphorus 
content  in  iron  rails,  as  delivered  indiscriminately  by  manufacturers 
using  exclusively  Cleveland  iron: — 

Ou-boiL        SUioon.       Solphux.  Phosphorus.  Manganese. 


•08 

•16 

•05 

•17 

•10 

•03 

•17 

■05 

•24 

•30 

•08 

•20 

•05 

•28 

•14 

•08 

•16 

•04 

•28 

•17 

•08 

•16 

•04 

•82 

•21 

•08 

•12 

•06 

•33 

•08 

•08 

•13 

-02 

•37 

•19 

•08 

•13 

•03 

•39 

•18 

•08 

•19 

•04 

•43 

•15 

•08 

•18 

•04 

•45 

•08 

Average  content  in  rails  ...     *075 

•159 

•041 

•324 

•160 

„            „        in  pig  iron 

assnmed  to  be            ...  3*50 

1^75 

•15 

1-56 

•60 

The  percentage  removed  of 

the  original  qoantities 

averages         78*5 

90^9 

72-6 

79-1 

680 

The  severity  of  the  labour  in  puddling,  and  the  consequent  liability 
to  imperfect  work,  as  evidenced  in  the  figures  just  quoted,  naturally 
turned  men's  minds  to  the  question  of  superseding  human  exertion  by 
mechanical  appliances.  The  Dowlais  Iron  Co.,  under  the  superin- 
tendence of  the  late  Mr.  Wm.  Menelaus,  led  the  van  in  this  branch  of 
experimental  metallurgy  by  testing  the  merits  of  a  revolving  furnace 
designed  by  Mr.  Tooth.  A  certain  amount  of  success  attended  these 
costly  trials;  sufficient  to  induce  others  to  listen  favourably  to  a  paper 
read  by  Mr.  Samuel  Danks  before  the  Iron  and  Steel  Institute,  in 
1871,  on  mechanical  puddling.  The  furnace  proposed  by  this  gentle- 
man differed  very  slightly  from  those  previously  used  at  Dowlais, 
except,  as  Mr.  Menelaus  observed,  in  the  matter  of  success. 

Three  commissioners  were  appointed  to  proceed  to  America,  to 
report  on  the  manner  in  which  the  furnace  of  Mr.  Danks  was  per- 
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forming  its  duty  in  the  Western  "World;  and  the  results  of  their 
observations  there  were  fully  set  f ortti  in  an  able  paper  by  Mr.  G.  J. 
Snelus,  himself  a  member  of  the  commission. 

It  has  to  be  remarked  that  one  condition  of  the  success  of  this 
fomaoe  was  a  plentiful  use  of  oxide  fettling,  amounting  to  as  much  as 
80  to  75  per  cent,  of  the  pig  employed.  This  was  deemed  neoeasazy 
for  the  protection  of  the  iron  work  of  the  rotating  barrel.  A  consider- 
able proportion  of  the  fettling  was  introduced  in  a  liquid  state,  along 
with  the  molten  pig  iron.  When  the  apparatus  was  made  to  revolve,  an 
intimate  and  immediate  admixture  of  the  two  fluids  was  effected, 
no  doubt  more  perfect  in  its  nature  than  that  which  happens  with 
manual  labour.  Not  only  has  the  removal  of  the  metalloids,  by  the 
Danks'  furnace  in  this  country,  been  more  thoroughly  performed  than  in 
hand  puddling,  but  the  reduction  of  iron  from  the  fettling  has  been  as 
much  increased,  as  to  enable  the  rotating  furnace  to  produce  a  ton  of 
puddled  iron  from  18*6  cwts.  of  pig  iron  employed,  inclusive  of  the 
waste  incurred  in  remelting  the  metal  in  a  cupola. 

The  various  analyses  given  by  Mr.  Snelus  in  the  paper  referred  to, 
are  so  instructive  that  they  deserve  careful  study  by  those  interested  in 
the  subject.  It  is  however  needless  to  repeat  them  here,  because,  since 
the  time  at  which  they  were  performed,  the  North  Eastern  Bailway 
Company  have  received  2,000  tons  of  rails  made  in  rotating  ftimaces 
by  Messrs.  Hopkins,  Gilkes,  &  Co.,  of  Middlesbrough.  From  the 
laboratory  book  of  the  Bailway  Company  I  have  extracted  81  consecutive 
analyses,  which  show  a  much  more  perfect  separation  of  phosphorus 
than  those  set  forth  in  the  paper  of  Mr.  Snelns;  and  these  have  been 
tabulated  as  follows,  the  phosphorus  only  being  absolutely  correct : — 

Fhosphoraa.       SiUoon.        Salphnr. 
Pw  Cent       Per  Cant.     Per  Oent 


7  specimens 

contained    . 

7        „ 

» 

19        „ 

>i 

21        » 

.    n 

12        „ 

»»                • 

6        „ 

»l 

6        „ 

>» 

3        » 

»f 

1 

»»                • 

•071 

■072 

•020 

•073 

•093 

•093 

•146 

•109 

•080 

•147 

•105 

■036 

•244 

•120 

•029 

•261 

•127 

•028 

•326 

•138 

•085 

•846 

•128 

■089 

•402 

•126 

•055 

81  ayerage  content  in  ruls  '170  '109  *082 
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P«rO«nk 
Average  content  in  the  pig  iron,  Msnmed 

asbefoie        1*56 

Avenge   removal,  reckoned  on  original 

quantities      890 

Average  by  hand  paddling,  as  given  above        79*1 


Silioon.        Bolplnir. 
Par  Cent      PerOent 


1-76 

98-7 
90^ 


•16 

78-6 
72-6 


Afl  an  indication  of  what  has  been  achieved  in  freeing  iron  from 
ibieign  matter  two  seta  of  analyses  are  inserted,  one,  of  the  pig 
nsed,  and  the  other  of  the  malleable  iron  produced.  In  both,  the 
article  produced  was  the  same,  viz.  rivet  iron;  but  in  one  case  obtained 
from  Low  Moor  pig,  by  means  of  refining  and  hand  puddling,  and  in 
the  other  obtained  from  Middlesbrough  unrefined  pig  iron,  by  means 
of  the  revolving  ftunace  at  Messrs.  Hopkins,  Oilkes,  &  Oo.'s  works: — 


Silioon.          Sulphur. 
Per  Cent       Per  Oent. 

Phosithoraa. 
PerOent. 

Low  Moor  cold  blast  pig  iron  gave 

1*880 

•076 

620 

Middlesbrough  pig  gave 

1*750 

•100 

1-600 

BivxT  laoir  from 

Low  Moor 
Iron  Go. 
PerOent. 

Middlesbrongfa 

Pis. 
PerOent 

Carbon       

•191 

•055 

Silicon       

•016 

•012 

Sulphur     

•010 

-025 

Phosphorus           

•067 

•086 

Manganese            

•066 

•068 

Copper       

•010 

•026 

Slag,  consisting  of  silica,  oxide  of 

iron, 

and  phosphoric  acid 

•  •  ■ 

•262 

•417 

Iron 


•642 
99-900 

99-942 


•677 
99-400 

100-077 


The  strength,  as  certified  by  Kirkaldy,  was  as  follows: — 


UltiiBAte 
Streee. 


I^aetnred 
Area. 


Ultimate 
Btreee. 


^^     fliSSs  Total  PerS.  In.  Tii^     .^  ^?&,^°  ^**!1?£**° 

^^     ?S3r  Tona     Tona     gjj    Are.^  ^^^g^f^i  ^PJ 

Sq.  Ins.  Tooa. 

Low  Moor       ...     ^725     •4128    9*4    22771   52    -2184  4425  29*68 

liiddlesbrough  ..     ^7225   4096    9*6    23^227  -515   2076  45-783  29*68 
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In  both  these  specimens  of  iron  there  is  a  notable  qnantily  of  dag^ 
bnt  that  made  in  the  revolving  fomace  is  the  larger  of  the  two.  It 
does  not  follow  however  that  this  is  dne  solely  to  the  excessive  quantity 
of  oxide  of  iron  nsed  in  the  puddling  furnace.  The  practice  at  Low 
Moor  is  to  work  small  heats,  under  4  cwts. ;  and  from  these,  bj  repeated 
hammering,  the  cinder  can  be  more  effectually  expeUed  than  &om 
masses  weighing  half  a  ton^  which  is  the  weight  of  a  bloom  obtained 
from  the  revolving  furnace.  The  presence  of  this  slag  does  not 
seriously  impair  the  tensile  strength  of  malleable  iron^  but  it  effects  the 
quality  of  the  metal  as  to  malleability,  as  well  as  in  other  attributes 
acquired  for  such  high-class  products  as  that  of  Low  Moor. 

The  origin  of  this  evil  is  easily  accounted  for.  During  the  process 
of  puddling,  the  grains  of  iron,  as  they  form  under  the  action  of 
the  workman's  tool,  adhere  together,  forming  a  sponge-like  mass. 
Each  partide  is  necessarily  surrounded  by  a  coating  of  cinder^ 
besides  which  the  fused  slag  may,  and  often  does,  occupy  a  cavity  in 
the  puddler's  ball,  of  greater  or  less  dimensions.  The  action  of  the 
hammer  expels  by  far  the  greater  portion  of  the  objectionable  matter ; 
for  when  a  well  hammered  slab,  2  or  3  inches  in  thickness,  is  broken, 
the  fracture  to  the  naked  eye  generally  presents  a  continuous  bright 
surface,  mostly  quite  crystalline  in  its  character.  On  the  other  hand, 
in  the  very  heart  of  the  mass  black  blotches  are  occasionally  perceptible, 
consisting  of  imprisoned  cinder  so  enveloped  in  solid  iron  that^  when 
the  slab  comes  to  be  rolled,  this  cinder  will  spread  out  into  a  thin 
sheet,  and  prevent  union  between  the  metallic  surfiu^es  so  completely 
that  there  is  often  no  difficulty  in  separating  the  two  parts  by  means 
of  a  cold  chisel. 

Something  of  the  same  effect  may  be  produced  by  roughness  on 
the  outside  of  the  slabs,  etc.  These  fill  up  with  cinder;  and,  when 
they  come  to  be  piled  in  the  balling  furnace,  this  cinder  may  gdL 
sealed  up  in  the  boiler-plate  slab,  or  billet,  or  pile.  In  such  a  case 
however  the  cinder,  being  melted  when  it  is  brought  to  the  hammer 
or  rolls,  is  mostly  expelled  before  the  surfaces  by  which  it  is  endoeed 
are  united. 

Not  unfrequently  the  interposed  matter  appears  from  its  colour  to 
be  derived  from  pieces  of  fire  brick,  probably  dropping  from  the  roof 
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of  the  fnmaoe;  and  if  it  or  other  sabstanoes  get  enveloped  in  a 
paddled  baU,  before  they  have  time  to  escape,  it  is  certain  to  produce 
the  inconYenience  under  consideration. 

The  following  analyses  give  the  composition  of  imprisoned  matter 
referred  to,  as  taken  out  of  a  boiler  plate  made  by  a  weU-known 
West  Yorkshire  house: — 


Otnderfiroin 
Paddled  Lamp. 

OIndflr&tMD 
Boll«r  Plate. 

Silica         

12*860 

1-668 

1-840 

Protoxide  of  iron 

66-718 

86-876 

Peroxide       y» 

26*686 

11-606 

Protoxide  of  manganese  .. 

•611 

-884 

Phosphoric  acid 

3-277 

•617 

Sulphur      

•124 

•088 

100-461 

99-808 

It  is  worthy  of  observation  that  in  the  case  of  boiler  plates  the 
want  of  soundness  in  the  welding  is  often  accompanied  by  the  forma- 
tion of  a  hollow  cavity  filled  with  gas.  This  possibly  may  arise  from 
carbonic  oxide  passing  through  the  pores  of  the  iron,  acting  on  the 
oxide  of  iron  in  the  cinder,  and  remaining  there  as  carbonic  acid. 
The  analysis  itself  indicates  a  greatly  reduced  quantity  of  peroxide  of 
iron  in  the  boiler  plate,  as  compared  with  the  puddled  lump.  Whether 
this  is  due  to  such  an  action  as  that  referred  to  I  am  unable  to  say. 

By  extraordinary  care,  the  loss  arising  from  unsoundness  is,  in  the 
case  of  the  best  Yorkshire  plates,  reduced  to  a  minimum*  Neverthe- 
less the  evil  results,  as  regards  the  boilers  of  sea-going  steamers,  etc., 
would  be  infinitely  greater  than  they  now  are,  were  not  the  most 
minute  precautions  taken  in  the  examination  and  rejection  of  any 
work  of  a  suspicious  character. 

If  the  evil  complained  of  sometimes  makes  its  appearance,  in  spite 
of  great  precaution  to  prevent  its  occurrence,  it  is  never,  as  may  be 
easily  imagined,  entirely  absent,  where  puddled  iron,  instead  of  being 
hammered,  is  only  reduced  in  size  under  a  squeezer,  to  fit  it  for  the 
rolls.  Such  puddled  bars,  on  fracture,  exhibit  numerous  streaks  of 
scoriflB,  which  have  solidified  during  the  act  of  rolling.    When  these 

X 
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are  reheated,  the  cinder  melts,  and  bniBts  through  the  iron  walla  of 
the  cavities  enclosing  it  with  explonive  violence,  nnder  the  premire  of 
the  rolls.  This  however  does  not  suffice  for  its  entire  expulsion ;  and 
in  consequence  the  merchantable  articles  indicate  too  dearlj  the  exis- 
tence of  a  serious  defect  in  the  mode  of  manu&ctnre. 

If  a  rolled  bar  of  common  iron,  made  from  piled  puddled  bare, 
be  immersed  in  weak  acid,  it  is  ofben  dissolved  into  such  a  form  as 
resembles  a  bundle  of  rough  coarse  wires  laid  alonside  of  each  other ; 
and  the  same  thing  happens  when  a  rivet  in  a  ship's  bottom  is  exposed 
to  the  corrosive  action  of  bilge  water. 

The  altered  state  of  public  opinion,  respecting  the  future  of  puddled 
iron,  has  greatly  diminished  the  interest  felt  in  questions  connected 
with  its  production.  The  process  however,  from  having  been  practiBed 
for  nearly  a  century,  and  from  its  ability  to  separate  so  large  a  propoi^ 
tion  of  the  phosphorus  contained  in  certain  makes  of  pig  iron,  deserves 
some  notice.  Such  is  particularly  the  case  when  the  examination  is 
connected  with  improvements,  either  in  efficiency  or  economy,  such  as 
may  possibly  still  enable  puddling  to  hold  its  place,  at  all  events  for 
some  time,  in  spite  of  the  present  revolutionary  tendency  of  events  in 
the  iron  trade. 

The  more  perfect  way  as  compared  with  hand  puddling,  in  which 
the  mechanical  furnace,  as  designed  by  Mr.  Danks,  performs  its  dutj, 
has  been  sufficiently  dwelt  upon.  As  regards  its  economy  it  would  be 
difficult  to  speak  with  the  same  amount  of  confidence.  The  experience 
of  my  friend  Mr.  Robert  Heath  has  enabled  him  to  report  favourably 
even  in  this  respect ;  but  so  &r  as  the  experience  of  the  North  of 
England  is  concerned  the  advantages  of  the  rotating  furnace  in  ques- 
tion must,  in  my  opinion,  be  confined  to  improvement  in  the  quality 
of  the  product  and  must  not  be  extended  to  greater  economy. 

Probably  no  firm  has  done  more  in  the  development  of  this  in- 
strument than  Messrs.  Graff,  Bennett,  &  Co.,  of  Pittsburg ;  and  no 
one  has  more  carefully  studied  its  use  than  their  manager,  Mr.  John 
Williams.  In  very  terse  language  he  describes  it  thus :  '^  As  a  worker 
of  metal  it  is  without  an  equal ;  as  a  melter  it  is  inferior  to  many ;  as 
to  endurance  it  is  the  shortest  lived  of  any ;  and  as  to  convenience  of 
repairs  it  is  one  of  the  most  difficult."^ 

Transactions  Iron  and  Steel  Inst,  1877. 
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In  the  old  fnrnaoe,  worked  by  mannal  labonr,  the  pnddler  and  his 
^  nnderhand"  turned  out  in  each  shift  aboat  24  cwte.  of  pnddled  iroii, 
say  nnder  2}  tons  per  24  honrs  per  famaoe  with  two  sets  of  men.  In 
WaleSy  in  the  days  when  refined  metal  was  nsed^  about  8^  tons  repre- 
sented the  daily  product.  In  times  of  average  prices,  the  men's  wages 
would  amount  to  about  20s.  for  the  24  hours  at  each  furnace.  Now 
it  is  evident  that,  with  any  improved  process,  there  is  not  a  large 
margin  for  economy,  unless  the  output  is  sufficient  to  effect  great 
savings  in  the  general  expenses.  I  believe  that  in  the  Danks  furnace 
as  much  as  8  tons  of  puddled  iron  was  turned  out  in  the  24  hours ; 
which,  if  perfonned  by  hand,  at  8s.  per  ton,  gave  £8  4s.  Od.  for  labour. 
The  increased  expenditure  however  for  repairs  and  other  incidentals, 
-according  to  the  information  afforded  to  me,  indicate  too  dearly  that 
the  application  of  mechanical  puddling,  in  the  North  of  England  at 
least,  has  not  been  attended  with  any  economy,  even  after  crediting  it 
with  the  superior  yield  from  the  metal  used. 

So  far  as  the  experience  of  nearly  two  years  enables  us  to  speak, 
the  prospects  of  success  are  very  much  brighter  in  connection  with 
two  revolving  furnaces  at  Creusot,  than  with  any  of  their  predecessors. 
One  serious  source  of  difficulty  with  previous  inventions  of  this  class 
has  been  the  maintenance  of  the  lining.  To  mitigate  this,  the 
revolving  barrel  in  which  the  iron  is  puddled  is  at  Creusot  so  con- 
structed, that  there  is  a  space  through  which  a  current  of  water  is 
kept  constantly  ninning.*  In  this  way  the  coating  of  cinder  is  much 
more  easily  retained  in  its  position  and  the  costly  necessity  of  previously 
fusing  this  material  is  entirely  avoided. 

The  Creusot  furnaces  are  on  a  much  larger  scale  than  those  hitherto 
used ;  for  they  operate  on  charges  of  a  ton  each,  of  which  one  per  hour 
is  turned  out,  or,  to  cover  stoppages,  say  20  tons  for  each  furnace  per 
24  hours.  The  actual  time  required  for  converting  the  pig,  which  is 
introduced  in  a  melted  state,  I  took  down  upon  the  occasion  of  my 
visit  as  being  80  minutes.  The  fettling  did  not  amount  to  above 
80  per  cent,  of  the  weight  of  the  pig  used,  and  consisted  of  100  parts 
of  ore,  100  of  roll  scale,  and  40  of  scrap  iron.    The  loss  was  8  per 

*  Mr.  Crampton  was  the  first  to  put  the  water  jacket  in  operation  in  this 
<x>imtry,  bat  I  believe  that  Mr.  Wm.  SeUers  of  Philadelphia  also  claims  priority  in 
<Qggesting  its  use. 
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cent,  on  the  pig  used,  which  contained  '07  of  phoephoros;  and  this 
quantity  was  reduced  to  the  infinitesimallj  low  proportion  of  '005  per 
cent,  in  the  paddled  iron. 

Besides  the  question  of  quality  of  product,  that  of  economy 
demands  the  attention  of  the  manufiicturer,  hence  the  following  tables 
have  been  constructed  to  show  the  relative  position  in  respect  to  cost 
of  different  modes  of  puddling.  The  pig  iron  in  all  cases  is  taken  at 
the  same  price ;  and,  as  the  fettling  is  an  important  element,  its  value 
and  that  of  the  pig  iron  are  included  in  the  first  column. 

n_.,.^     Maohanioal         Hand     HuidPiidiniiig,    n-.v. 
Creoaot.       R^^bWe.        Puddling.         FwnoB.  '*»»^ 


Cost  of  pig  and  fettling 

...     100 

114-4 

118-4 

119-7 

123-6 

„    coalSf  by  weight 

...     100 

163-4 

240-3 

225-9 

192-3 

„    wages,  as  money 

...    100 

125- 

117-3 

113- 

123- 

The  high  cost  of  pig  and  fettling  charged  against  the  Danks 
furnace  is  mainly  due  to  the  serious  expense  attending  the  melting  of 
the  latter.  The  consumption  of  fuel  in  the  Creusot  furnace  would  be 
much  below  its  present  figure,  were  it  not  for  a  second  furnace  being 
kept  heated,  containing  a  stock  of  melted  iron  always  in  readiness  for 
the  puddlers.  In  the  case  of  the  Danks  furnace,  less  than  one-half 
the  weight  of  coal  consumed  was  required  in  the  actual  operation  of 
puddling.    Bach  100  parts  of  coal  were  applied  as  follows : — 

Melting  pig  in  cupola       12'6 

Melting  cinder       ...         ...         ...         ...         ...         ...         ...  400 

Paddling  furnace  ...         47-5 

In  respect  to  the  labour,  my  data  do  not  enable  me  to  speak  vei7 
confidently  as  regards  Creusot ;  at  the  same  time  there  is  every  reason 
to  consider  that  the  basis  of  my  calculation  is  pretty  near  the  truth. 

Taking  the  information  as  a  whole,  comprising  as  it  does  the 
three  most  important  items  of  cost  in  puddling,  we  seem  justified  in 
supposing  that,  if  the  art  is  not  destined  to  be  so  rapidly  extinguished 
as  was  at  one  time  imagined,  the  task  of  effecting  it  by  mechanical 
means  has  been  satisfactorily  solved,  at  all  events  at  Creusot.  Such 
appears  to  be  the  opinion  of  one  very  competent  judge;  for  Mr.  James 
Eitson,  Junior,  has  recently  erected  a  similar  furnace  at  the  Monk- 
bridge  works  in  Leeds,  and  has  expressed  himself  entirely  satisfied 
with  the  results  so  f^r  as  economy  is  concerned. 
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The  iron  made  in  the  revolving  Aumace  at  Monkbridge  is  as  a  mle 
of  very  high  qnality,  bnt  imfbrtanately  it  sometimes  happens  that  it 
exhibits  signs  of  redshortness.  This  defect  was  not  so  serious  as  to 
have  interfered  with  its  nse  for  ordinary  purposes,  nor  wonid  it  have 
prevented  its  being  employed  for  Siemens-Martin  steel.  For  plates  of 
the  class  sent  out  by  the  Monkbridge  Company  for  locomotive  and 
marine  boilers  it  was  inadmissible.  Mr.  Kitson  having  requested  my 
^vice  on  the  subject,  steps  were  taken  to  examine  the  composition  of 
the  best  British  makes  of  malleable  iron  known  to  be  free  from 
redshortness. 

In  this  view  the  following  analyses  were  made  in  the  Clarence 
laboratory: — 

Carbon.  Sflioon.         Stilphur.     PhoBphoniB.      Oopper. 

Percent.       PerOent.       Per  Gent.       Per  Cent.       FwCeal 

Bowling  U  square  bar  ...     -015  157  -006  '220  ~ 

liow  Moor  rivet  iron '200      not  given        trace  *115  — 

Monkbridge  best  plate,  pnddled 

by  hand        -018  161  004  -097  -018 

Monkbridge  best  plate,  rotary 

furnace,  not  redshort         ...     '016  118  '015  072  'Oil 

The   sample   of   Monkbridge 

plate,  also  made  in  rotary 

f nmace,  bdng  redshort     ...     '016  121  019  '188  '016 

There  is  obviously  nothing  in  the  fixed  impurities  which  tends  to 
throw  any  light  on  the  cause  of  the  defective  quality  complained  of^ 
and  attention  was  therefore  directed  to  ascertaining  whether  oxygen 
gas  in  some  form  might  not  be  concerned  in  the  matter. 

Pure  hydrogen  gas  was  passed  during  two  hours  over  coarse  borings 
heated  to  a  temperature  about  the  melting  point  of  cast  iron.  The 
oxygen  ascertained  by  conversion  of  hydrogen  into  water  was : — 

PerOnt. 

Best  Yorkshire  hand-puddled       '849 

Plate  free  from  redshortness        '674 

Redshort  sample     '718 

Nothing  was  gained  from  this  experiment^  for  it  would  appear  as 
if  there  were  only  a  slight  excess  of  oxygen  in  the  redshort  specimen 
AS  compared  with  the  other. 

A  recent  plan  of  ascertaining  the  presence  of  oxygen  devised  by 
U.  Tucker  was  then  tried.    It  consists  in  fusing  a  weighed  sample  of 
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the  iron  in  a  carbon  crucible.  The  increase  of  weight  due  bj 
carbonization  is  obtained^  and,  after  allowing  for  this,  the  loss  is  con- 
sidered as  oxygen.  By  this  means  the  following  resalts  were 
obtained: — 


Bert  Yorkshire  hand  paddled       "750 

Made  in  rotary  famaoe,  not  redshort      "TM 

,1  M        redflhort  ...        ...        ...        ...      1'884 

It  should  be  noted  that  the  oxygen  got  by  the  hydrogen  treatment 
is  possibly  nothing  more  than  might  be  due  to  oxide  of  iron  and  it 
oerfcainly  is  a  question  whether  the  action  of  the  hydrogen  gas  would 
aflfect  the  entire  substance  of  the  metal.  Similar  experiments  had 
shown  that  while  borings  were  nearly  constant  in  weight  after  tw«> 
hours  exposure  small  bars  only  decreased  gradually  till  after  20  honra 
treatment.  Against  this  inconvenience  the  carbon  experiment  pro- 
bably will  give  too  high  a  figure  for  oxygen,  as  the  bases  of  the  enclosed 
cinder— other  than  iron  oxides — and  part  of  the  silica  will  not  remain 
united  with  the  metal  and  therefore  be  accounted  for  as  oxygen.  Both 
sets  of  experiments  were  however  made  under  exactly  similar  conditions^ 
and  by  the  latter  certainly  the  redshort  iron  shows  a  great  excess  of 
oxygen.  The  fact  is  given  without  any  intention  of  considering  the- 
question  as  finally  settled. 

The  present  is  a  fitting  opportunity  to  compare  the  economy  of 
producing  malleable  iron  from  pig^  rich  in  phosphorus,  with  that  of 
making  blooms  by  the  direct  process  from  ores  used  in  the  smelting  of 
such  cast  iron.  For  this  purpose  we  wiU  assume,  that  which  often 
happened,  viz.,  that  iron  obtained  in  a  revolving  fomace  was  as  free  from 
phosphorus  as  that  mentioned  in  Section  III.  got  by  the  direct  process. 

Now  allowing  as  much  as  12  cwts.  of  fettling  per  ton  of  iron  one-, 
half  of  which  is  cinder  we  have  in  reality  only  half  this  weight  of  fresh 
material  to  deal  with,  which  enables  the  Danks  or  similar  furnace  to 
give  as  great  a  weight  of  puddled  iron  as  they  use  of  pig.  We  have 
therefore— 

Owta.oC 

20  cwts.  of  pig  iron  equal  to         IS'S 

6         „  fettling  containing  00  per  cent.  «-        3*6 
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So  that  in  reality  the  total  loss  of  actual  iron  is  under  10  per  cent. 
infftead  of  85  per  cent,  as  shown  in  Section  YIL  on  the  direct  process 
at  page  41.  If  indeed  the  iron  in  the  fnU  weight  of  fettling  were 
taken  into  the  account,  the  waste  of  metal  would  be  very  little  more 
than  one  half  of  85  per  cent. 

On  discussing  the  subject  of  the  revolving  furnace  with  Mr. 
WilliamSy  he  quite  agrees  with  me  in  the  high  character  of  the  product 
it  is  capable  of  turning  out,  as  indeed  has  been  shown  by  the  analysis 
given  in  the  present  section.  According  to  the  opinion  of  this 
experienced  authority^  this  form  of  apparatus  did  not  receive  at  the 
hands  of  the  skilled  men  of  the  trade,  that  attention  its  merits 
deserved.  At  Dowlais,  efforts  were  exclusively  directed  to  prevent 
corrosion  of  the  fettling;  but  Mr.  Danks,  some  years  afterwards, 
propounded  the  sound  doctrine  that  it  was  not  by  endeavouring 
to  maintain  the  lining  intact  that  real  success  was  to  be  secured.  The 
proper  course  to  follow  was  to  use  an  ore  as  free  from  earthy  impurity 
and  phosphorus  as  possible,  which,  wearing  away,  would  add  to  the 
oxide  of  iron  in  the  bath,  and  thus  assist  in  purging  the  pig  iron  from 
those  substances  which  deteriorated  the  quality  of  the  product.  As 
Mr.  Williams  however  observes  Mr.  Danks  appeared  ''  a  day  after  the 
fair."  Steel  began  to  take  the  place  of  iron  and  manufacturers  found 
little  inducement  to  attempt  the  improvement  of  a  process,  which, 
according  to  many,  is  not  destined  to  be  long-lived  in  the  iron  trade 
of  the  world.  But  for  this,  he  thinks  that  the  revolving  puddling 
furnace  would  have  superseded  that  of  Rogers,  both  in  the  matter  of 
quantity  and  quality  of  the  iron  produced. 

So  far  as  the  information  afforded  by  Sitter  v.  Tunner  enables  one 
to  form  an  opinion,  the  balance  against  the  direct  process  for  labour 
and  coal  as  compared  with  the  blast  and  puddling  furnaces  taken 
together  renders  it,  in  competition  with  the  former,  to  say  the  least  of 
it,  all  but  hopeless,  charging  both  operations  with  ore  and  fuel  at  the 
same  price. 

The  process  of  puddling  being  one  of  a  purely  chemical  character, 
it  is  not  surprising  that  means  should  have  been  devised  to  promote 
its  efficiency  by  additions  of  substances  known  under  the  general 
designation  of  chemicals.  I  do  not  propose  to  examine  this  subject  at 
lengthy  because  there  is  no  method  hitherto  suggested  which  has  come 
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into  general  use.  Suppose  for  the  moment  however  that  there  is  to  be 
found,  in  nature  or  elsewhere,  matter  which  is  capable  of  separating 
the  hurtful  ingredients  from  pig  iron,  more  expeditiously  than  is  done 
by  oxide  of  iron.  If  such  a  substitute  be  expensive,  but  from  its  ener- 
getic a<;tion  need  only  be  used  in  small  quantities,  we  are  met  by  the 
difficulty  of  having  to  bring  a  few  pounds  of  it — ^indeed  in  one  prooeai 
only  a  few  grains — ^into  intimate  contact  with  4  or  5  cwts.  of  iron;  with- 
out which  contact  no  substantial  good  can  be  effected.  If  a  large 
quantity  of  an  inexpensive  substance  would  sufSoe,  it  would  seem 
difficult  to  obtain  a  cheaper  material  than  that  now  in  use,  viz.,  a 
mixture  of  ore  with  the  cinder  produced  in  the  works.  Such  a  material 
is  not  only  capable  of  effecting  its  intended  purpose  in  a  very  efficient 
manner,  but  it  possesses  the  advantage  of  being  available  in  the  blast 
furnace;  which  cannot  be  said  of  any  other  substance,  with  the  excep- 
tion of  lime,  and  to  a  limited  extent  of  manganese,  applicable  for 
** physic"  in  puddling. 

In  the  next  section  the  more  recent  methods  of  eliminating  those 
foreign  substances  which,  so  to  speak,  are  dissolved  by  iron  during  the 
operation  of  smelting  will  be  considered.  It  will  then  be  shown  that 
their  separation  from  the  metal  itself  can  be  as  completely  effected  by 
processes  of  a  much  more  economical  nature  than  that  of  puddling. 
Under  these  circumstances  it  may  well  be  asked,  what  is  it  that  causes 
Cort's  invention  still  to  retain  so  conspicuous  a  position  in  the  manu- 
facture of  iron  as  it  does.  The  difficulty  which  has  hitherto  been  a 
barrier  to  the  more  rapid  substitution  of  ingot  iron  for  welded  iron  is 
partly  due  to  some  ocoasional  irregularities  in  the  quality  of  the  former 
and  partly  owing  to  the  unwillingness  and  want  of  experience  in  the 
workmen  to  deal  with  a  new  material.  Time  before  long  will  remove 
most  of  these  obstacles  and  every  year  will,  no  doubt,  see  a  larger  pro- 
portion of  steel  or  ingot  iron  taking  the  place  of  puddled  or  welded 
iron.  Strength  and  durability  of  course  are  very  important  factors  in 
determining  the  selection  of  materials,  but  so  long  as  these  are  not  ac- 
companied by  economy  in  the  cost  of  production  the  cheaper  article 
will  continue  for  a  long  time  to  hold  at  least  a  portion  of  its  former 
ground.  Hitherto  plates  used  for  boilers  and  ships  can  be  manufac- 
tured more  cheaply  from  puddled  iron  than  from  ingot  iron  or  steel 
and  in  consequence  the  former  is  still  largely  employed.    In  all  pro- 
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babilitj  however  this  difference  of  coBt  is  a  mere  question  of  time,  and 
then  a  puddling  fomace  may  be  as  rare  an  object  as  a  Catalan  fire  or  a 
blast  fnmace  driven  with  cold  air  is  at  the  present  time. 

The  statistics  of  the  iron  trade  are  not  sofficiently  complete  to 
•enable  as  to  institute  a  very  exact  comparison  between  the  position 
•of  the  manufacture  of  puddled  iron  of  the  present  time  and  that  of 
previous  years.  Boughly  however  the  figures  given  below  exhibit  the 
nature  of  the  change  which  has  been  going  on  during  the  last  ten 
jears: — 

1873.  1881 

Pig  iron  made  in  the  United  Kingdom          . . .     6,566,171        8,403,287 
„        exported  1,142,066        1,768,152 


Conramed  or  stocked  for  home  consnmption...     5,424,106        6,736,185 


N^lecting  any  differences  in  stocks  on  hand  there  appears  to  have 
been  an  increase  of  about  20  per  cent,  in  the  pig  iron  worked  up  in 
the  year  1882  as  compared  with  1878. 

According  to  the  same  authority — Reports  of  the  British  Iron 
Association — ^the  number  of  puddling  furnaces  at  work  was  as 
follows: — 

1873— 7,264  fnmAces.    1882— 4,369  fomaoes.' 

Thus  while  the  general  consumption  of  pig  during  the  ten  years  in 
question  has  been  increased  about  20  per  cent.,  it  appears  possible 
that  the  make  of  puddled  iron  in  the  United  Kingdom  has  decreased 
in  quantity. 

The  puddling  fiimace  cannot  however  be  taken  leave  of  without 
remembering  what  immense  service  it  has  rendered  to  the  manufacture 
•of  iron  and  to  the  spread  of  civilisation.  Something  must  be  said  in 
its  favour  as  a  mere  means  of  freeing  the  metal  of  its  associated  im- 
purities. It  is  not  a  little  singular  that  these  substances  can  be  so 
'Completely  separated  by  puddling  that  we  can  have  a  product  in  which 
their  united  amount  often  does  not  exceed  one  quarter  per  cent,  of  t^e 
total  weight  of  the  bar. 

Now  that  rails  can  be  made  of  steel,  even  from  a  comparatively 
•expensive  hematite  ore  brought  from  Spain  or  raised  in  England,  more 

'  The  tLCcnney  of  tliii  return  is  qiieetionablc 
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economicanj  than  a  good  qnalitj  of  rail  can  be  produced  in  ircm 
from  the  cheaper  ironstone  of  Gleyeland  or  elsewhere,  steel,  to  tbe 
entire  exclusion  of  iron,  must  be  henceforward  looked  upon  as  the 
proper  material  for  railroads.  Iron,  in  the  matter  of  wear,  exhibited 
yery  great  irregularity,  some  rails  showing  signs  of  distress  within  a 
year  or  two  of  being  laid  down,  while  others  afforded  very  satisfiictoiy 
results.  This  uncertainty  of  quality  has  perhaps  been  the  means  of 
procuring  for  iron  a  worse  reputation  than  its  merits  as  a  whole 
deserved. 

In  illustration  of  this  assertion  I  would  instance  the  experience  on 
the  main  line  of  the  North-Eastem  Railway  on  certain  sections  of  its 
system,  which  may  be  taken  as  fair  samples  of  the  others.  On  that 
extending  between  Newcastle  and  Berwick,  66*8  miles  of  double  way, 
the  iron  rails  laid  down  in  1847  weighed  65  lbs.  per  yard.  Renewals 
commenced  in  1855  and  terminated  in  1867.  In  these  the  weight  was 
increased  to  82  lbs.  per  yard. 

The  maximum  duration  of  the  65  lbs.  rails  was  21  years  and  the 
minimum  8  years,  the  average  being  12*8  years. 

A  second  relaying  with  the  82  lbs.  rails  was  commenced  in  1864^ 
and  the  average  age  of  those  taken  out  has  been  14*18  years.  The 
iron  rails  still  in  use  on  the  Newcastle  and  Berwick  section  is  87*30 
miles  of  single  road,  having  a  present  (June,  1883)  average  age  of 
14*87  years. 

'  The  Newcastle  and  Darlington  section  has  a  length  of  35*15  miles 
of  double  way.  Rails  of  65  lbs.  per  yard,  laid  down  in  1844,  began 
to  be  renewed  in  1858  and  others  of  82  and  83  lbs.  were  laid  in 
their  place.  The  longest  life  of  those  of  65  lbs.  was  19  years  and  the 
shortest  9  years  the  average  of  the  whole  being  11*47  years.  The 
average  life  of  the  heavier  rails  (82  and  88  lbs.)  was  only  9*38  years, 
but  the  traffic  became  much  heavier  after  they  were  brought  into  ose. 
There  only  remains  3*32  miles  of  single  way  of  iron  rails  on  this 
section,  the  average  present  life  of  which  is  8*40  years. 

The  Newcastle  and  Carlisle  section  comprises  59*4  miles  of  doable 
way.  It  was  laid  with  Losh's  patent  ''fish  bellied  rails,"  weighing 
only  42  lbs.  per  yard,  partly  rolled  at  "Walker-on-Tyne  but  chiefly  in 
South  Wales.  The  maximum  duration  of  these  was  26  years  and 
the  minimum  18  years,  the  average  being  17*25  years. 
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The  ayerage  life  of  83  lbs.  rails,  oommenoed  to  be  laid  down  on 
thia  section  in  1849  was  14-21  years.  There  still  remains  (Jnne,  1888) 
69*2  miles  (single  way)  of  iron  rails  on  this  section,  the  average  age 
of  which  is  10*05  years. 

The  statements  just  sabmitted  do  not  aflEbrd  any  proper  criterion 
of  the  resisting  powers  of  iron  rails;  for  this  can  only  be  determined 
by  the  comparative  weights  of  the  engines,  the  amount  of  traffic  and 
the  Bpeed  of  the  trains  which  have  passed  over  them.  According  to 
Mr.  B.  Price  Williams  the  average  life  of  an  iron  rail,  on  the  most 
heavily  worked  portions  of  the  railways  in  the  United  Kingdom,  may 
romidly  be  taken  at  about  17^  millions  of  tons.  Quoting  the  experience 
of  Mr.  Webb  of  the  London  and  North- Western  Railway,  Mr.  Williams 
proceeds  to  estimate  that  the  average  life  of  a  Bessemer  steel  rail  will 
be  161  millions  of  tons,  or  approximately  about  nine  times  that  of  an 
iron  rail  This  was  an  opinion  expressed  about  the  year  1878,  but  it 
is  to  be  apprehended  that  actual  experience,  in  which  even  now  (1883) 
we  are  greatly  deficient,  will  not  be  found  to  corroborate  this  opinion 
of  the  relative  durability  of  the  two  kinds  of  rails. 

On  the  North-Eastem  system  comprising  1,508  miles  of  main  line 
of  raQway  equal  to  2,499  miles  of  single  line,  steel  rails  were  only  intro- 
duced, at  first  very  sparingly,  about  the  year  1862  and  it  was  not 
nntil  1874  that  they  were  largely  used.  Since  the  year  1877  no  iron 
rails  have  been  purchased  by  this  company.  At  the  present  moment 
1,308  single  mOes  of  their  way  are  laid  with  steel  and  the  quantity 
renewed  as  not  fit  for  further  use,  is  too  insignificant  to  afford  any 
data  upon  which  to  form  any  opinicm  of  their  durability.  The  only 
accurate  data  in  my  possession  \b  that  afforded  by  1,216  yards  in 
the  Shildon  tunnel,  on  the  Stockton  and  Darlington  Section,  having 
a  gradient  of  1  in  250  against  the  load.  In  June  and  July,  1865, 
this  length  was  laid  with  double-headed  steel  rails  weighing  77  lbs. 
.per  yard,  of  which  the  wear  was  ascertained  firom  time  to  time. 

By  March,  1869,  the  average  loss  of  weight  on  twenty-four  rails 
was  found  to  be  8  lbs.  per  yard,  equal  to  10*89  per  cent.,  an  amount  of 
abrasion  which  necessitated  their  being  turned. 

In  Jnne«  1872,  an  average  of  twenty-three  rails  showed  a  further 
wear  of  9  lbs.  per  yard  equal  to  11*69  per  cent.,  making  22*08  per  cent. 
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dnring  the  seven  years  they  had  been  in  use,  equal  therefore  to  3'15 
per  cent,  per  annum.  At  this  period  the  whole  were  taken  np  as  being 
no  longer  serviceable. 

The  total  net  traffic  which  passed  through  the  tunnel  was  31,149,478 
tons,  or  including  the  weight  of  the  trucks,  etc.,  say  46  million  tons. 
Roughly  we  may  consider  the  return  load  would  be  that  of  the  empty 
trucks,  etc.,  say  15^  million  tons.  Taking  the  entire  weight  whidi 
passed  over  the  two  lines  of  way  we  have  61^  millions,  which  would 
give  80' 62  million  tons  as  the  life  of  a  rail  in  this  particular  tunnel. 
I  am  not  prepared  to  say  that  the  wear  of  a  rail  in  such  a  situation  is 
the  same  as  that  in  the  open  air;  but  I  do  know  that  one-ninth  of  the 
period  during  which  they  were  in  use,  viz.,  ^  year,  or  less  than  ten 
months,  did  not  express  the  life  of  an  iron  rail  in  this  locality,  whidi 
it  ought  to  do  according  to  the  formula  laid  down  by  Mr.  Price 
Williams. 

So  far  as  the  experience  of  the  officials  of  the  North-Eastem  Bail- 
way  enables  them  to  judge  at  present,  they  will  be  well  satisfied  if  the 
steel  rails  now  in  use  have  double  the  life  of  those  of  iron  of  the  same 
weight  per  yard  (82  lbs.)  which  preceded  them,  $.«.,  instead  of  remaining 
serviceable  for  ten  to  twelve-and-a-half  years  they  are  found  in  use  at 
the  end  of  twenty-two  years,  calculated  on  the  present  traffic. 

Whatever  the  power  of  steel  rails  to  resist  abrasion  may  be,  all  ex- 
perience points  to  their  life  being  much  more  uniform  than  was  the 
case  where  iron  was  the  material  employed.  An  iron  rail  however  be- 
came unserviceable  long  before  it  had  lost  much  of  its  weight.  Instead 
of  actual  wear,,  the  head  of  the  rail  became  crushed,  its  comparative 
toughness  apparently  resisting  abrasion.  Thus  while  the  average  losB 
of  weight  in  iron  rails  would  not  exceed  7^  per  cent,  at  the  period  of 
removal,  the  loss  in  82  lbs.  steel  rails  appears  to  be  1  lb.  per  yard  per 
annum — say  1 J  per  cent,  for  each  year  of  actual  service. 

Before  economy  in  the  manufacture  of  steel  rails  had  reached  ito 
present  position,  the  North-Eastem  Bailway  Company  tried  iron,  in 
the  form  of  a  solid  bloom,  obtained  from  the  pig  of  their  own  district 
in  the  revolving  furnace.  The  puddled  iron  was  treated  in  machinery 
constructed  by  Sir  W.  G.  Armstrong  &  Co.,  and  the  rails  were  case- 
hardened  by  Dodds'  process.  The  change  in  the  cost  of  producing 
steel  rails  however  put  an  end  to  further  trials  in  this  direction. 
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SECTION  XIV. 


ON  MORE  RECENT  METHODS  OF  SEPARATING  THE 
SUBSTANCES  TAKEN  UP  BY  IRON  DURING  ITS 
PASSAGE  THROUGH  THE  BLAST  FURNACE. 

In  a  fonner  poition  of  this  work  the  advantages  were  set  forth  of  the 
drcnitons  mode  of  treating  the  ores  of  iron  by  the  aid  of  the  blast 
fomaoe,  even  when  the  metal  in  its  malleable  state  was  the  ultimate 
object  in  view.  Wlien  iron  is  required  in  this  last  mentioned  form, 
the  manufacturer  has  hitherto  been  unable  to  obtain  it  in  large  masses, 
by  the  ordinary  method  of  simple  fusion,  as  pursued  by  smelters  of 
other  metals  in  common  use,  such  as  gold,  silver,  copper,  lead,  or  zinc. 
The  melting  point  of  wrought  iron  is  so  high,  that  it  is  only  within 
the  last  quarter  of  a  century  that  we  have  been  able  to  bring  any 
quantity,  beyond  a  few  pounds,  to  the  fluid  state  at  one  time,  by 
means  of  heat.  Under  these  circumstances  the  iron  maker  had  to 
avail  himself  of  that  other  valuable  property  possessed  by  this  metal, 
namely  welding;  by  the  aid  of  which  his  granules  were  built  up  into 
the  shape  of  the  ''puddler's  ball'^  by  the  manual  exertion  of  the  work- 
man. This  required  extensive  shops  containing  squeezers,  hanmiers, 
puddle-rolls,  etc.,  by  means  of  which,  and  of  a  considerable  expendi- 
ture of  metal,  fuel,  and  labour,  the  puddled  iron  was  welded  together. 
The  product  thus  obtained  is  liable  to  unsoundness,  from  the  difficulty 
of  separating  the  adhering  cinder,  which,  as  is  well  known,  gets  sealed 
up  in  the  interior  of  the  mass. 

In  1856  Henry  Bessemer  announced  that  he  was  able  to  obtain 
fluid  malleable  iron  by  blowing  air  through  the  molten  crude  metal 
employed  in  its  production,  the  heat  being  obtained  by  the  combustion 
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of  ihose  snbBtanoes  which  had  united  themselves  with  the  iron  in  the 
blast  f  arnace.  In  other  words  the  veiy  heat,  as  it  were,  which  had 
effected  the  reduction  of  the  metalloids,  in  the  smelting  prooessy  was 
rendered  available  in  the  Bessemer  converter.  The  snrprise  soidi  a 
statement  was  calculated  to  excite  was  a  good  deal  subdued  by  the  small 
amount  of  faith  with  which  it  was  received. 

No  doubt  it  did  seem  at  first  sight  incredible  that  such  an  effect  as 
that  represented  could  be  obtained  in  any  form  of  apparatus;  seeing 
that,  in  the  old  fashion  of  making  malleable  iron  by  puddling,  the 
metalloids  contained  in  the  pig  were  equally  oxidised,  with  the  same 
evolution  of  heat  as  that  generated  in  the  converter.  The  result  witli 
the  latter  was  the  more  surprising,  inasmuch  as  in  that  case  there  is 
an  enormous  excess  of  heat,  which  escapes  in  the  form  of  intensdy 
brilliant  flame  from  the  mouth  of  the  vessel;  while  in  puddling  the 
metal  a  quantity  of  coal  has  to  be  burnt,  most  wastefully  it  is  true, 
equal  to  half  that  required  in  the  smelting  furnace. 

In  forming  a  judgment  on  the  subject  the  difTerence  of  the  condi- 
tions was  entirely  overlooked.  In  the  puddling  furnace  the  inta^ 
heat  was  produced  by  the  comparatively  slow  combustion  of  the  carbon 
and  slow  oxidation  of  the  metalloids;  while  the  heat  was  applied  exter- 
nally to  the  raw  material  in  an  apparatus  from  which  there  was  a 
great  loss  by  radiation,  convection,  etc.  In  the  converter,  on  the 
other  hand,  an  immense  volume  of  air  was  rapidly  poured  through 
the  metal,  generating  the  heat  in  the  very  heart  of  that  mass  the 
temperature  of  which  it  was  desired  to  raise.  The  operation  was  also 
performed  under  circumstances  where  the  loss  by  radiation,  having 
regard  to  the  quantity  under  treatment,  was  infinitely  less  than  in 
an  ordinary  furnace. 

For  some  years  after  the  first  brilliant  exhibitions  of  a  Bessemer 
converter  at  work,  those  interested  in  its  success  encountered  great 
disappointment.  The  fact  that  atmospheric  air,  when  forced  into 
molten  cast  iron,  would  bum  off  carbon,  silicon,  and  sulphur,  and 
would  partially  remove  the  phosphorus,  was  well  known  to  every  one 
who  had  any  experience  in  the  violent  action  set  up  towards  the  close 
of  the  old  process  of  refining.  No  one  suspected  however,  until 
Bessemer  proved  it,  that  by  forcing  the  air  upwards  through  the  mass 
of  liquid  iron  in  sufficient  quantity,  and  with  sufficient  velocity,  bo 
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intense  a  temperature  would  aocompanj  the  process.  Unfortunately 
the  absence  of  a  sufficient  quantity  of  oxide  of  iron  in  the  cinder 
causes  the  whole. of  the  phosphorus,  originally  contained  in  the  pig, 
to  accumulate  in  the  decarburized  metal. 

The  presence  of  this  phosphorus  was  a  bJbel  blow  at  first  to 
Bessemer's  hopes ;  and  the  remarkable  thing  is  that  a  metal  containing 
above  a  certain  quantity  of  it,  made  in  the  converter  will  be  entirely 
useless,  although  it  contains  a  smaller  quantity  of  phosphorus  and 
other  non-metallic  matter  than  a  piece  of  malleable  iron  of  good 
merchantable  quality,  produced  by  means  of  the  puddling  furnace. 

Ultimately  success  was  achieved  by  employing  Swedish  iron  of 
great  purity;  and  in  the  end  certain  English  makes  were  found  avail- 
able, provided  they  did  not  contain  above  one  part  in  a  thousand  of 
phosphorus,  and  provided  they  either  contained  manganese,  or  had 
this  metal  added,  as  was  proposed  by  B.  F.  Mushet  when  he  patented 
the  addition  of  spiegel  iron  to  the  contents  of  the  converter.  By  the 
aid  of  this  valuable  and  important  discovery  ''the  red  shortness" 
which  rendered  Bessemer  metal  unmanageable  in  the  subsequent  stages 
of  manufacture  was  entirely  removed. 

The  fact  that  manganese  was  often  present  in  ores  from  which  the 
finest  descriptions  of  malleable  iron  had  been  made  in  Sweden  and 
Russia,  probably  suggested  its  early  use,  by  Hassen^tz  and  others, 
in  the  manufacture  of  steel  as  well  as  of  bar  iron.  Forty  years  ago 
my  friend  Josiah  Marshall  Heath  rendered  great  service  to  the  steel 
trade  of  this  country  by  the  addition  of  manganese  to  crucible 
steel. 

Bessemer  steel  as  now  manufactured  can  be  obtained  of  various 
qualities — it  may  have  the  carbon  so  reduced  in  quantity  as  to  resemble 
in  this  respect  many  well  known  brands  of  malleable  iron,  or  it  may 
be  run  in  the  form  of  steel  of  any  degree  of  hardness,  by  a  mere 
increase  in  the  quantity  of  carbon  it  contains.  As  the  spiegel  iron 
which  is  added  immediately  before  running  the  steel  into  the  ingot 
mould,  may  bring  with  it  more  carbon  than  is  required  for  certain 
purposes,  the  alloy  known  as  ferro-manganese  is  in  those  cases  used  in 
place  of  the  spiegel.  This  substance  was,  I  think,  first  made  commer- 
cially by  Mr.  Henderson  in  a  reverberatory  furnace;  but  since  then 
M.  Oautier,  formerly  of  Terrenoire,  succeeded  in  obtaining  it  from 
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the  blast  fdrnace.  Owing  to  the  high  temperatnre  required^  as  much 
as  thiee  tons  of  coke  are  consumed  for  each  ton  of  ferro-mang&ne8& 
produced,  which  may  be  made  to  contain  as  much  as  80  per  cent,  of 
manganese ;  but  owing  to  the  difficulty  of  reducing  this  metal  a  con- 
siderable quantity  runs  off  as  oxide  in  the  slag. 

In  recent  years  the  progress  of  this  branch  of  metallurgic  science 
has  advanced  with  unexampled  rapidity.  By  means  of  Bessemer^sown 
mechanical  appliances,  added  to  the  use  of  hydraulic  machineiy,  and  of 
rolling  mills  of  unprecedented  power  and  capacity,  the  manu&cture  of 
steel,  particularly  in  the  form  of  rails,  has  been  so  economised  as  to 
defy  the  competition  of  iron,  even  when  produced  from  the  cheapest 
known  ores.  This  in  part  is  due  to  improved  machinery,  partly  appli- 
cable no  doubt  to  the  manufacture  of  iron;  but  it  chiefly  arises  from 
the  greater  simplicity  of  the  process  itself.  To  make  an  iron  rail  in 
the  old  fashion,  the  metal  is  puddled  in  small  heats,  hammered,  and 
then  rolled  into  puddled  bars  often  not  exceeding  120  lbs.  in  weight. 
These  pass  through  many  hands,  have  to  be  cut  up,  and  even  to  the 
extent  of  25  to  33  per  cent,  have  to  be  re-rolled  into  slabs,  before  they 
form  the  pile  for  the  rail  itself;  the  iron  being  necessarily  allowed  to 
cool  between  each  operation. 

For  steel  7  or  8  tons  of  metal,  brought  hot  from  the  blast  furnace, 
is  run  into  the  converter.  In  less  than  half-an-hour  the  whole  h  in 
the  form  of  steel  ingots  large  enough  for  three  of  the  heaviest  and 
longest  rails  in  use,  instead  of  one,  as  in  the  case  of  the  iron  pile.  The 
heat  which  has  served  for  effecting  its  conversion  into  steel  would,  if 
properly  used,  suffice  for  its  manipulation  by  the  rail  mill;  at  all 
events  the  ingot,  being  thrust  hot  from  the  mould  into  the  re-heating 
frimace,  needs  in  actual  practice  very  little  additional  fuel  for  finishing 
the  work. 

When  the  two  modes  of  dealing  with  pig  iron  are  reduced  to  actual 
figures,  the  advantage  of  Bessemer's  pneumatic  process  over  that  of 
puddling  leaves  no  doubt  as  to  the  impossibility  of  the  latter  ever 
being  able  to  hold  its  own  against  this  invention,  improved  as  the 
latter  has  been  by  the  experience  of  later  years.  In  support  of  this 
opinion  we  have  only  to  compare  the  waste  of  metal,  the  quantity  of 
fuel  consumed,  and  the  expense  of  labour  for  the  two  systems.  These 
are  set  forth  with  a  sufficient  approach  to  correctness  in  the  two  sub- 
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joined  oolmnnB  of  figoreB.  Taking  steel  as  unity,  the  comparative 
oonsnmption  for  iron  rails  is  stated  in  the  column  under  that  head» 
including  in  both  cases  the  fuel  and  labour  at  the  blast  furnace: — 

Pig  iron  employed 

V'Oftl  yy  ■««  »•(  ... 

JjftDonr  9«  ..•        ...        ... 

Against  the  statement  just  made  it  must  be  recollected  that  the 
iron  rail  manuf  actnier  is  able  to  employ  a  much  cheaper  quality  of  pig 
iron  than  can  be  used  in  the  Bessemer  converter;  unless  indeed  the 
so-called  Basic  process  is  employed  for  ridding  the  cheaper  iron  of  ita 
phosphorus,  an  operation  which  will  be  attended  with  some  expense, 
firom  which  non-phosphoric  iron  is  exempt. 

In  speaking  therefore  of  competition  between  iron  and  steel,  in 
the  comparison  just  referred  to,  the  observation  is  for  the  present  con- 
fined to  that  of  the  &cility  and  cost  of  extracting,  from  certain  well 
known  deposits,  supposed  equally  accessible,  those  ores  which,  without 
further  preparation,  are  fit  for  making  steel,  and  those  which,  from  the 
presence  of  phosphorus,  are  not  suitable  for  steel,  but  can  be  employed 
in  the  manu&cture  of  what  is  known  as  malleable  or  wrought  iron. 

One  of  the  objects,  however,  of  the  present  section  is  to  consider  the 
prospect  of  our  being  able  to  enlarge  the  choice  of  our  raw  material ; 
without  which  the  extended  use  of  steel  might  before  long  receive  a 
very  serious  check.  This  enlarged  area  of  selection  wiU  be  considered 
at  a  later  period. 

If  to  simplicity  and  economy  of  manu&cture  we  add  the  ad- 
mitted superiority  of  strength  possessed  by  steel,  and  the  absence  of 
the  imperfect  welding  which  frequently  attends  the  use  of  the  puddling 
furnace,  the  importance  of  the  question  becomes  obvious.  To  Great 
Britain,  whose  position  as  an  iron  making  nation  has  been  so  lai^ely 
dependent  on  her  possession  within  her  own  shores  of  the  requisite 
suppUes  of  ore,  the  question  has  an  especial  interest.  This  position, 
it  is  dear,  will  be  materially  affected  if,  instead  of  feeding  our  furnaces 
with  mineral  obtained  in  the  country  itself,  we  have  to  derive  our 
supplies,  or  a  large  portion  thereof,  frx)m  quarters  to  which  all  the 
world  has  as  ready  access  as  ourselves ;  leaving  any  difference  in  the 
cost  of  transport  to  tell  for  or  against  us,  as  the  case  may  be. 

T 
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By  comparing  the  change  which  has  taken  place  during  recent 
years  in  the  relative  quantities  of  ore  of  different  qaalities  smelted  in 
the  iron  works  of  Great  Britain,  it  will  be  easy  to  appreciate  the  natore 
of  the  alteration  which  is  taking  place  in  this  truly  national  brandi  of 
industry. 

Iron  Ore  miteUa  for  BteeL'  day  IroDBtona,  te.         /sm.^ 

, -^ »       Unsuitable  far  SSi 

British.  Imported.  ToteL  SteeL  ^^°*^ 

1871  2,288,761  624,176  2,767,926  14»lj01,137  16,869,063 

1880  2,767,887  8,060,831  6,818,218  16,268,622  21,086,740 

1881  2,806,472  2,808,198  6,608,670  14,640,698  20,249,263 
1882*  2,807,372  8,282,496  6,089,868  14^638,694  20,728,562 

In  order  to  ascertain  the  real  progress  of  the  manufacture  of  pg 
iron  comparatively  free  from  phosphorus,  and  in  consequence  suitable 
for  steel  purposes,  consideration  must  be  given  to  the  relative  richnesB 
of  the  two  classes  of  ore.  For  the  present  purpose  the  purer  descrip- 
tions are  regarded  as  yielding  52  per  cent,  of  metal  against  80  per  cent, 
afforded  by  the  other. 

TigJKm  obtainable  Crom.  Increase  orer  lan. 

Iron  from  Aon 


Steel  Ores.  Ordinary  Ores.  Steel  Ores.     Ordinary  Ores. 

1871  1,434,121  4,230,841  —  — 

1880      8,026,478      4,580,466        111%     Sk  96 

1882      3,166,781       4^391,608        120f      3} 

It  will  frirther  be  perceived,  from  the  former  table,  that  while  tiie 
increase  of  the  steel  ore  raised  in  Great  Britain  during  ten  yean 
amounts  to  only  25^  per  cent.,  that  on  the  importation  of  foreign  ores 
is  no  less  than  484|  per  cent. 

For  some  months  previous  to  the  autumn  of  1879,  the  demand 
upon  the  two  kinds  of  pig  iron  was  so  nearly  balanced,  that  the 
difference  in  their  market  values  was  a  near  approximation  to  the 
difference  of  cost.    At  that  period  the  lowness  of  price  greatly  stimn- 
lated  the  demand  for  steel  rails ;  which  was  followed  temporarily  by  a 
considerable  and  disproportionate  rise  in  the  selhng  rates  of  hematite 
pig  iron,  as  compared  with  other  descriptions  of  the  crude  metal.   The 
following  figures  exhibit  the  extraordinary  change,  in  both  directions, 
which  a  few  months  wrought  in  the  values  both  of  raw  materials  and 
finished  products. 

'  Mineral  Statistics,  by  Robert  Hunt,  F.R.S.     Imported  ore  includes  bornt 
cnpreoos  pyrites. 

'  Report  of  Iron  Trade  Associatioiv 
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1B79. 

July. 
£     1.     d. 

19ellmg  price  of  Cleveland  No.  3  pig  at  works       1  12    6 
„  Hematite  pig  „  2    7    6 

„  Steel  ndlB  „  4  10    0 

•  •  • 

Ooet  of  raw  materials — 

Red  ore  delivered  at  hematite  f  omaces, 

in  Cumberland  and  Lancaahire,  52 

per  cent,  of  iron       ...        ... 

Coke  delivered  at  hematite  fomaces  -  ... 

Ironstone  delivered  at  Cleveland  fur- 
naces, 81  per  cent,  of  iron 042       049       044 

ThnSy  at  the  beginning  of  ISSO,  we  seemed  to  be  approaching  the 
position  of  having  a  cheaper  system  of  manipulation,  affording  for 
most  nses  a  superior  article,  bnt  threatened,  as  is  illustrated  by  the 
altered  values,  with  a  deficiency  of  the  necessary  raw  material.  This 
is  the  fate  which  will,  in  the  absence  of  new  discoveries  of  pure  ore, 
unquestionably  overtake  us,  and  indeed  the  rest  of  the  world  as  well, 
imlesB  we  can  extend  the  area  of  our  supplies,  by  some  mode  of  im- 
proving the  iron  hitherto  found  useless  for  steel  making  purposes, 
As  we  have  seen,  the  obstacle  to  the  use  of  certain  varieties  of  pig 
iron  for  steel  making  is  the  presence  of  too  large  a  quantity  of  phos- 
phorus. Sulphur  no  doubt  is  also  highly  objectionable,  but  it  is  usually 
present  in  very  small  quantities.  It  is  however  impossible  to  consider 
the  elimination  of  either  of  these  substances  without  studying  the 
behaviour  of  the  other  two  metalloids  always  found  in  pig  iron,  viz., 
carbon  and  silicon. 

Beference  has  been  made  at  some  length,  in  a  previous  section,  to 
certain  modes  of  ridding  Cleveland  pig  iron  of  the  four  metalloids 
just  referred  to.  These  are  summarised  in  the  table  given  below.  In 
the  carbon  column,  the  separation  of  this  element  is  dealt  with  as 
being  complete  at  every  stage,  except  that  of  refining ;  because  in  the 
others,  although  rarely  entirely  absent,  its  presence  is  no  longer  either 
necessary  or  hurtful.  In  the  other  columns  an  average  effect  is  repre- 
sented. Following  these  are  figures  setting  foi*th  the  change  produced 
by  blowing  the  purer  Bessemer  pig  in  the  converter. 

It  is,  perhaps,  superfluous  to  mention,  that  with  the  great  varia- 
tions in  the  composition  of  the  products  of  the  different  processes,  it 
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is  impossible  to  present  the  information  intended  in  a  tcij  i^ell 
defined  form.  The  table  mnst  therefore  be  considered  as  a  oompara^ 
tive  one^  constructed  from  different  sources  in  my  possession. 


*f 


» 


Cleveland  pig  contains,  say        

when  refined  „  

when  refined  and  then  puddled 
may  contain      ...        ... 

hand  puddled  with  oxide  of  iron 
mechanically  paddled  with  ex- 
cess of  oxide  of  iron    ... 

Bessemer  pig  contains 

when  blown  in  conyerter 
contains 


Oartxm.     SlUoon.    Bnlphnr. 
8-50        1-76        -16 

2*60 


1-56 
•091      -11   -60  to  "75 


Kil 


•19 
•159 


•01 
•041 


•800 
-884 


» 


Nil  -109      -032  -10  to -170 

4-10        2-50        -060  -060 


n 


•10 


•08        -04 


•060 


The  apparent  increase  of  phosphorus  in  the  last  line  is  dne  to  the 
diminished  weight  of  the  product^  which  still  contains  the  whde 
quantity  of  this  element  originally  charged  into  the  converter. 

It  may  be  convenient  at  this  period  to  consult  a  series  of  diagrams 
which  have  been  constructed^  for  the  purpose  of  exhibiting  the  times 
required  for  expelling  the  four  metalloids,  as  well  as  the  extent  to 
which  such  expulsion  is  usuaUy  carried.  In  all  cases  excepting  in  that 
of  the  Bessemer  Acid  process,  so  named  by  Prof,  von  Tunner  to  dis- 
tinguish it  from  the  Basic,  it  will  be  considered  that  the  iron  subjected 
to  treatment  is  that  of  Cleveland,  containing,  say,  carbon  8*50  per 
cent.,  silicon  ]-75  per  cent.,  sulphur  -15  per  cent.,  phosphorus  1*55 
per  cent.  The  sulphur  in  all  cases  is  omitted  from  the  diagrams, 
partly  owing  to  its  smallness  in  quantity  and  the  uncertainty  as  to  the 
extent  of  its  separation,  and  partly  to  avoid  complication  in  the  draw- 
ings. In  every  instance  it  will  be  perceived  that  it  is  the  silicon 
which  disappears  most  speedily,  next  follows  the  phosphorus,  except 
in  the  case  of  blowing  in  the  Bessemer  converter,  whether  Acid  or 
Basic ;  and  lastly  comes  the  carbon,  which  holds  fast  the  longest  by 
the  iron,  except  in  the  case  of  the  so-called  Basic  treatment  as  it  is 
applied  to  the  Bessemer  process.^ 

The  real  difficulty,  which  besets  the  question  of  an  indiscriminate 
use  of  pig  iron  for  steel  purposes,  being  that  of  phosphorus,  it  will  be 


*  In  figure  No.  6 — Hand-Puddling — ^it  would  appear  that  the  phosphoros  is  the 
first  to  he  affected,  hut  this  is  helieved  to  he  an  exceptional  case. 
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•convenient  to  address  oorselves  more  particularly  to  the  conditions 
which  influence  the  behaviour  of  that  element  in  the  different  modes 
of  treatment  just  enumerated.  In  these  different  processes,  we  may 
regard  the  percentage  of  phosphorus  expelled  f ix>m  Cleveland  pig,  ori- 
ginally containing  from  1*5  to  1*75  per  cent.,  to  be  as  follows: — 

ForOeni 
In  the  BeBsemer  oonyerter — ^Aeid  proceat — ^practically       ...       Nil 

jy        Mvlulvrjr   •••  •«.  *••  •••  •••  •••  >••  w\I 

„      Paddling  furnace,  ordinary  treatment  80 

„  n  (Danks*)  with  excess  of  ore        •••        90 

Now  the  conditions  which  produce  such  different  results,  as  r^ards 
the  phosphorus,  are: — 

1. — ^The  duration  of  the  operation; 

2. — The  quality  of  the  atmosphere — ^reducing  or  oxidising — ^in 

which  it  is  carried  on; 
8. — ^The  composition  of  the  slag; 
4. — ^The  temperature  at  which  the  process  is  conducted. 

It  would  be  superfluous  to  dwell  at  any  length  on  the  flrst  of  these 
four  conditions,  because  there  is  not  a  very  marked  difference  between 
the  length  of  time  required  for  each;  but  the  main  reason  for  passing 
quickly  from  it  is  that  no  length  of  time,  as  will  be  shortly  seen, 
suffices  for  expelling  the  phosphorus  in  the  converter  as  originally 
worked,  while  in  the  other  processes,  the  previous  disappearance  of 
the  carbon  and  silicon,  by  depriving  the  metal  of  its  fluidity,  would 
prevent  any  further  diminution  of  the  element  (phosphorus)  we  are 
specially  seeking  to  expel. 

We  may  now  pass  on  to  the  second  of  the  conditions  referred  to, 
viz.,  the  nature  of  the  gases  which  permeate  or  surround  the  metal,  as 
it  is  exposed  to  the  different  modes  of  treatment  we  are  considering. 

The  composition  of  the  atmosphere,  in  the  processes  of  refining 
^nd  puddling,  has  abeady  been  shown  to  be  one  of  a  strongly  oxi- 
dising character.  As  regards  that  of  the  converter,  we  possess  some 
very  valuable  information,  for  which  we  are  indebted  to  Mr.  Snelus. 
Mr.  Tamm  has  also  published  a  series  of  analyses  of  the  gases  given 
off  during  the  blowing  of  a  Bessemer  charge. 
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According  to  the  first  of  these  authorities,  the  following  was  th& 
composition  by  volume  of  the  gases  taken  at  various  periods  of  a 
**  blow." 

Tbne  after  atarting  . .  f  min.     4  mln.     6  min.     10  min.    12  min.    14  rain.  18  abL 

Free  oxygen         ...  '93        —         —        —          —        —            — 

Carbonic  add       ...  1071      8*69      820      8'58      2*80      184          — 

Carbonic  oxide     ...  —        8-85      4*62  19*59    29*80    8111          — 

Hydrogen —          *88      2W      2W      2*16      2*00          — 

ITitrogen  ...        ...  88*87..  86*68.   86*28  74*88    66*24    66*65          — 


100*      100*      100*      100-      100-      100*      blowoon^dfltod. 


The  rate  of  absorption  of  the  oxygen  by  the  silicon,  etc.,  is 
calculated  by  taking  the  quantity  originally  accompanying  the  nitrogen 
in  the  gases,  and  deducting  from  it  the  quanCity  still  remaining.  The 
volumes  of  atmospheric  oxygen  corresponding  with  the  nitrogen, 
garding  the  blast  as  dry,  were  as  follows : — 


Time  after  starting  train.  4  rain.  6  min.  10  min.  Umin.  Ui 
Volomes  of  oxygen  blown 

into  conyerter 28*21  22*74  22-39  19*66  17*89  17*21 

ingaaee         ...  11*68  10'67  10*46  18*88  16*95  16W 


Difference,  vols,  absorbed    11*68      12*17      11*93        6*27  44  -32 

It  will  thus  be  observed  that  the  gaseous  current  passing  through 
the  converter  is  of  a  very  varying  character,  possessing  at  the  com- 
mencement, from  the  carbonic  acid  it  contains  a  powerfully  oxidising 
nature,  after  which  it  is  gradually  converted  from  the  excess  of  car- 
bonic oxide  into  one  having  the  very  opposite  tendency.  In  illustntion 
of  this,  I  have  divided  the  analyses  as  given  by  Mr.  Snelus  and  Mr. 
Tamm  into  three  periods,  corresponding  with  three  different  stages  of 
the  blow ;  and  have  estimated  the  percentage  of  oxidising  and  reducing 
gases  to  be  as  foUows : — 


Oiididng 
Vols. 

Oaa. 
Vols. 

Voh. 

Mr.  Snelns*  analyses,  Isfc  period 

80*8 

19*2 

- 

100 

„             2nd  period 

29*5 

70*5 

- 

100 

„              3rd  period 

5*8 

94*7 

wm 

100 
100 

Average   ... 

88*6 

61*5 
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OxidUng 
Gm. 
Yoto. 

Bodqftlng 
Om. 
Vote 

ToUL 
Vols. 

Mr.  Tamm's  uialjaoi,  Ist  period 

93-0 

7-0 

- 

100 

„               2nd  period 

22-6 

77-6 

« 

100 

91               8rd  period 

16-4 

88-6 

_ 

100 

1 
Ayerage       

44-0 

66-0 

100 

From  the  qnantit j  of  oxygen  absorbed  and  the  smallness  of  the 
amount  of  carbon  in  the  gases,  it  is  obvious  that  it  is  the  silicon,  not 
the  carbon  which  is  at  first  chiefly  oxidised — an  inference  which  is 
confirmed  by  the  analyses  of  the  metal  itself.  Omitting  firactions, 
Mr.  Snelus  estimates  the  relative  amounts  of  silicon  and  carbon  oxi- 
dised to  be  as  follows : — 


Time  aftor  blowing 

Smin. 

4iniii. 

6mliL 

lOmln. 

ISmJn. 

Mmin. 

Silioon  ... 

78 

70 

69 

40 

4 

8 

Cubon... 

27 

80 

81 

60 

96 

97 

The  alteration  in  the  composition  of  the  gases  is  an  indication  that 
at  the  outset  a  large  proportion  of  the  oxygen  is  retained  by  the  bath 
of  metal,  i.e.,  is  taken  up  by  the  silicon,  by  the  manganese,  if  any, 
and  by  the  iron  itself.  The  action  on  the  silicon  falls  off  rapidly 
towards  the  end  of  the  operation,  owing  to  its  exhaustion  fi:om  the 
iron ;  the  manganese  follows ;  but  the  iron  would  continue  to  be  oxi- 
dised, were  the  operation  unduly  prolonged,  as  long  as  there  is  heat 
enongh  to  enable  the  oxygen  to  act  on  it.  The  correctness  of  these 
views  is  manifested  in  a  series  of  analyses  by  Prof.  Eupelwieser,  of 
samples  from  the  blowing  of  the  manganiferous  pig  iron  of  Styria. 
The  last  column  contains  the  particulars  before  adding  the  spiegel  at 
the  end  of  the  blow. 


Pig  Iron. 

Ut  Period. 

Mefcftlmftw 

Slaving. 

ted  Period. 

Bndot 
EbulUtioD. 

ard  Period. 
Bndof 
Blow. 

Graphite 

■  •  • 

8180 

— 

Combined  carbon 

•750 

2465 

•949 

•087 

Silicon... 

1-960 

•448 

•112 

•028 

Sulphor 

■018 

trace 

trace 

trace 

Photphoros 

•040 

•040 

•046 

•045 

Copper 

•085 

•091 

•095 

•120 

Manganese 

8460 

1645 

•429 

•118 

9-498 

4-684 

1-680 

•898 

Iron 

■  •  • 

...      90-507 

95816 

98-370 

99-607 

100- 

loo- 

100- 

100- 
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OorreBponding  Slags. 

Blast 
Famaee. 

litP«riod 
OonTertar. 

ftad  Period 
OoQTerter. 

a»dF«r 
Oanvcri 

SiHca 

• .. 

40-96 

46-78 

61-76 

46-75 

Alumina 

... 

8-70 

4-65 

2-98 

2-80 

Lime    ..• 

... 

80-86 

2-98 

1-76 

1-19 

Magnesia 

... 

16-82 

1-68 

'45 

-52 

Potash  and  soda 

.•• 

-82 

trace 

trace 

trace 

Solphnr 

... 

-84 

-04 

trace 

tiace 

Phosphoros     ... 

... 

•01 

•08 

-02 

■01 

Protoxide  of  manganese 

218 

87W 

87-90 

82'28 

yi       iron    . . . 

•  •  • 

•60 

6-78 

6-60 

1&86 

99-77 

99-79 

100-86 

100-96 

m 


trofan. 
66-95  -  100 


As  regards  ihe  matter  of  atmosphere  in  the  oonverter,  the  compo- 
sition, according  to  Mr.  Snelos'  analyses,  four  minntes  before  the  end 
of  a  Bessemer  blow,  was  as  indicated  below.  Above  this  is  placed  the 
mean  of  two  recent  examinations  of  the  gas  at  the  tuyeres  of  one  of 
the  Clarence  furnaces;  by  which  it  will  be  seen  that  the  reducing 
power  in  the  converter  is  somewhat  superior  to  that  of  the  hearth  of  a 
blast  furnace. 

Garb.  Add.  Caib.  Oxida    Hydrogen, 
per  100  ToL    per  100  toL    per  100  toL 

Clarence  gas  above  tuyeres...      1*90  89'18  1*97 

Bessemer  gas  f oar  min.  before 

end  of  the  blow  ...      184  81-11  2-00  66*65  -  100* 

Notwithstanding  the  energetic  reducing  power  of  the  gases,  even 
towards  the  close  of  the  Bessemer  process,  as  exhibited  by  the  above 
figures,  the  iron  appears  to  continue  to  suffer  oxidation  to  the  last 
It  will  however  be  remembered  that,  even  in  the  case  of  the  blast 
furnace  itself,  perfect  reduction  of  all  the  oxide  of  iron  is  never  accom- 
plished, and  this  was  ascribed  to  the  dissociation  of  carbonic  oxide, 
setting  up  a  condition  of  static  equilibrium,  in  which  a  sub-oxide  id 
iron  was  a  necessary  accompaniment.  There  is  perhaps  no  reason  for 
doubting  the  splitting  up  of  carbonic  oxide  in  the  converter,  it  seems 
therefore  very  possible  that  the  oxidation  of  iron  may  proceed  from 
the  same  cause.    Of  course,  as  the  carbon  in  the  pig  iron  is  removed, 

*  The  reducing  power  is  determined  by  the  relation  of  carbonic  oxide  and  hydrogen 

83*11 

to  carbonic  add.    Bessemer  contains  88-11  CO  +  H  to  1*84  CO.,  then  -y;^  - 

24-7;    Clarence  blast  fomace  gas  contains  41*16  CO  +  H  to  1*90  C0,>  then 

-^;g^  —  21*6.    It  must  be  observed  however  that  at  the  point  of  entrj  the  blast 

possesses  an  oxidising  character,  and  that  this  continues  until  it  becomes  satomted 
with  carbon  derived  from  the  bath  of  iron. 
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^carbon  gases  cease  being  generated,  and  we  have  atmospheric  oxygen 
passing  into  the  bath  of  iron.  It  is  then,  I  presmne,  that  the  pheno- 
menon known  as  overblowing  commences.  The  oxygen,  having  no 
other  base  to  seize  on,  concentrates  its  action  on  the  iron,  which  it 
rapidly  oxidises;  and  partly  escapes  in  the  form  of  the  brown  smoke 
so  characteristic  of  the  termination  of  the  operation,  particularly  when 
it  is  continued  very  long,  as  occasionally  happens  in  dealing  with  cer- 
tain qualities  of  pig  iron. 

This  comparison  of  the  Bessemer  converter  with  the  hearth  of  the 
blast  fdmace  leads  ns  naturally  to  a  consideration  of  the  slags  pro- 
•duced  in  each  case. 

The  ability  of  sUica  at  high  temperatures  to  expel  even  the  most 
powerful  acids,  such  as  sulphuric,  is  well  known.  Glass  makers  avail 
ihemselves  of  this  property;  for  instead  of  using  pure  soda  they  employ 
that  alkali  in  its  cheaper  form  of  sulphate,  leaving  the  sulphuric  acid  to 
be  driven  off  by  the  silica  in  the  glass.  Now  it  happens  that  the  slags 
produced  at  blast  furnaces  making  Bessemer  pig  contain  about  41  per 
cent,  of  silica;  and  the  slag  from  the  converter  at  the  end  of  the  blow 
just  quoted  contained  46*75  per  cent,  of  this  substance,  and  it  often 
greatly  exceeds  this.  Hence  even  admitting  that  the  gases  flowing 
through  the  converter  are  possessed  of  as  intense  a  reducing  power  as 
that  of  the  blast  Aimace,  which  is  perhaps  not  always  the  case,  this 
gas  being  accompanied  by  a  more  silicious  slag  khan  is  obtained  in 
smelting  pig,  forbids  all  possibility  of  phosphorus  being  acidified  and 
'  separated  in  the  Bessemer  process,  as  that  process  is  described  by  the 
inventor  himself,  and  now  often  distinguished  by  the  prefix  of  acid. 
This  inference  is  of  course  based  on  the  experience  taught  us  by  the 
blast  furnace,  when  practically  under  almost  precisely  similar  circum- 
stances as  those  attending  the  converter,  all  the  phosphorus  is  retained 
by  the  metal. 

It  often  happens  that  the  silica  is  found  in  Bessemer  slags  of  a 
quantity  greatly  exceeding  that  mentioned  in  connetion  with  blowing 
Styrian  iron.  This  of  course  adds  to  the  difficulty  of  acidifying  and 
removing  the  phosphorus.  The  following  are  three  such  examples, 
which  represent  the  composition,  as  determined  in  the  Clarence  labo- 
ratory, of  three  specimens  fix)m  a  Sheffield  manu&ctory,  using  the 
ordinary  West  of  England  hematite  iron.  The  fourth  specimen,  kindly 
:8ent  me  by  Mr.  Menelaus,  is  one  irom  the  Dowlais  works,  and  was 
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analysed  in  the  laboratory  of  that  establishment.  Alongside  of  it» 
Nos.  5  and  6  are  analyses  of  slags  from  a  Cleveland  and  a  West 
Yorkshire  fiimace. 


BiMk 


Silica     ... 

Almnina 

liime 

MagnesiA 

Phosphonu 

Protoxide  of  iron 

Peroxide  „ 

Protoxide  of  manganese 

Potash  and  soda 


1. 
81-32 

3-62 

1-42 

trace 
7-65 


a. 
78-12 

1-79 

415 

trace 
9-19 


5-86        6-81 


3. 
80-84 

3-40 

1-82 

trace 
8-36 

6-04 


4. 
6410 

10-48 


■02 
18-90 


Glerelaoid. 
6. 

80-84 

25-71 

34-08 

6-92 

-15 

•23 


37-30 
17-58 

7« 


4-60  Solphor  1-82 

1-25  -26 

—  1-30 


-58 
2*06 
3-38 


99-86    10006      99-96      9935 


101-26        99-82 


I  believe  M.  Griiner,  of  Paris,  was  one  of  the  earliest,  if  indeed 
he  was  not  the  first,  to  point  out  that  it  was  the  excessive  amount  of 
silica  in  the  Bessemer  slags  which  prevented  the  basic  matter  they 
contain  from  combining  with  phosphoric  acid. 

So  far  as  the  slags  are  concerned,  the  essential  difference  between 
those  formed  when  phosphorufl  is  separated — ^viz.,  in  refining  and 
puddling — ^and  those  formed  in  the  Bessemer  process,  is  in  the  content 
of  silica  and  oxide  of  iron.  In  the  converter  the  quantity  of  silidc 
acid  is  usually  much  larger,  and  that  of  oxide  of  iron  much  smaller, 
than  in  the  refining  and  puddling  fiimace. 

For  the  purpose  of  contrasting  the  differences  in  question  the 
following  analyses  are  appended  : — 

Refinery  Cinders  from  Runmng  out  Fire : — 

Silica        

Alamina   ... 
Lime 

Magnesia 

Protoxide  of  iron  . . . 
Peroxide  of  iron  ... 
Protoxide  of  manganese ... 
Sniphnr    ... 
Phosphoric  acid  ... 


VDoelron. 

Bowlinir- 

Dowlais. 

26-41 

31-05 

33-33 

2-47 

4-37 

5-76 

2-20 

1-66 

1-19 

•24 

•85 

•60 

57-85 

43-90 

55*11 

2-57 

10-08 

— 

3-90 

5-90 

271 

•05 

•032 

•17 

4-14 

2-79 

2-26 

99*83 


100-632       101*02 


Iron  present 


42^28 


41-19 


42-86 
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It  miiBt  be  obBerved  that  the  composition  of  the  final  cinder  doee 
not  represent  that  of  the  cinder  always  added  during  the  process. 
Thns  the  content  of  silica  in  the  cinder  added  was  only  16  per  cent,  in 
the  case  of  the  Clarence  ezamplCy  so  that  at  the  period  when  the  phos- 
phorus was  carried  off  into  the  slag  the  content  of  silica  in  the  latter 
would  probably  be  much  less  than  26*41  per  cent. 

PuddUng  Fmmaee  Cinder, -^ 

HiMd  PoddUng.    DmnlDi'  FnnuMeb 


Silica      • 

■  •• 

16-58 

1417 

Alumiiia           

*  ■  ■ 

1-04 

1-76 

Lime      , 

•  •• 

•70 

-25 

Magnesia          

••• 

'48 

Protoxide  of  iion 

•  •  • 

66-23 

59-14 

1  Peroxide  of  iron 

•  • » 

20-94 

Peroxide  of  manganese 

•  •  ■ 

4-90 

1-21 

Phosphoric  acid 

•  •  • 

8-80 

1-20 

Snlphnr 

•  •  • 

2-48 

-88 

Iron  combined  with  solphnr 

•  •  • 
■  •  • 

4-82 

— 

100- 

99-42 

Iron  present 

56-83 

60-65 

The  small  amount  of  silica  present  in  both  .these  slags  and  their 
extreme  richness  in  oxide  of  iron,  render  them  well  fitted  for  removing 
the  metalloids  associated  with  iron  in  the  crude  metal.  Nevertheless 
in  ordinary  practice  it  is  by  no  means  an  uncommon  thing  to  find,  with 
iron  made  from  Cleveland  pig  metal,  25  per  cent,  of  the  original  phos- 
phorus left  in  the  bar.  For  superior  purposes  the  content  of  phosphorus 
is  often  reduced  to  as  low  as  10  per  cent,  of  its  original  quantity;  but 
then  as  much  as  40  per  cent,  of  the  weight  of  the  pig  of  very  rich 
fettling  is  used,  containing  above  60  per  cent,  of  iron  in  the  form  of 
peroxide.  In  the  Danks  fomace  Messrs.  Hopkins,  Oilkes,  and  Co. 
employed  sometimes  as  much  as  80  per  cent,  of  fettling,  consisting  of 
rich  oxides,  which  enabled  them  to  bring  down  the  phosphorus  to  about 
*10  per  cent,  in  the  finished  bar,  say  from  1'5  to  1'7  per  cent,  in  the  pig. 

Having  regard  then  to  the  value  of  oxide  of  iron  as  a  dephoe- 
phorizer,  I  endeavoured  in  1875  to  remedy  its  absence  in  the  Bessemer 
converter  by  the  addition  of  fused  oxide  of  iron  to  a  charge  of  metal 
before  commencing  the  blow.    The  action  however  was  so  violent 
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that  much  of  the  iron  was  projected  out  of  the  veaseL  A  fleoond 
attempt  was  made  in  the  same  direction  by  oontinaing  the  blast  nntfl 
a  large  quantity  of  the  iron  itself,  nearly  25  per  cent.,  was  oxidised. 
The  fdsed  oxide  however  acted  so  strongly  on  the  silidons  lining  of 
the  converter,  that  I  did  not  continue  the  experiment  beyond  a  point 
where  the  silica  in  the  cinder  had  Men  to  about  46  per  cent.  It  had 
the  following  composition  : — 


Silica 

4538 

•51 

liime   ... 

1-40 

Protoxide  of  manganese 

2-92 

Protoxide  of  iron 

4719 

Peroxide  of  iron 

2-86 

100^ 

88*70  of  metallic  iron. 


OarboD.         SOiooo.        Snlpbnr.    Fhoqlioras. 
The  iron  (Oievdand),  as  it  flowed 

into  the  converter  contained  ...        3*13  1*87  '12  1*33 
The  blown  metal,  which  was  per- 
fectly Uqnid,  contained   nil              '32'          -05  1*86 

Up  to  the  present  point  of  our  examination  of  the  conditions 
which  affect  the  separation  of  phosphorus  from  pig  iron,  no  account 
has  been  taken  of  the  temperature  at  which  the  processes  are  carried 
on.  It  has  been  unnecessary  to  do  so  because,  irrespective  of  intensil; 
of  heat,  the  difference  between  the  composition  of  the  slags  and  of 
the  gases  which  permeate  the  metal  may  be  the  cause  of  the  refining 
and  puddling  processes  removing  a  large  proportion  of  the  phosphonu, 
while  in  the  Bessemer  converter  this  element  remains  almost  entirely 
unaffected.  The  similarity  of  results  between  the  blast  furnace  and 
the  converter,  in  respect  to  the  behaviour  of  phosphorus,  I  am  supposing 
as  possibly  due  to  certain  conditions  being  common  to  the  two  prooesseB, 
viz.,  composition  of  gases  and  constitution  of  slags.  Still  I  would 
have  it  borne  in  mind  that  in  the  three  processes  in  question  we  find 
that  the  quantity  of  phosphorus  passing  into  the  cinder  does  correspond 
inversely  with  the  temperature. 

Percentage  ofPhotphorue  separated : — 

In  the  Baoemer  Prooeas.  In  Refining.  In  Poddlinf. 

PracticaUy  nil  60  90 
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In  the  year  1877^  I  communicated  to  a  meeting  of  the  Iron  and 
Steel  Institnte  an  opinion  I  had  been  led  to  entertain,  as  to  the  possible 
inflnence  of  temperatare  in  modifying  the  removal  of  phosphoms  from 
iron  by  oxide  of  iron.  I  am  aware  that  it  is  believed  by  many  that 
instead  of  temperatare  being  a  factor  of  any  value  in  the  operation,  it 
is  the  differences  in  the  amount  of  silica,  contained  in  the  bath  of  oxide 
of  iron  by  which  it  is  sought  to  acidify  the  phosphoms,  which  alone 
inflnence  the  separation  oi  this  substance. 

The  power  of  silica  to  neutralise  oxide  of  iron,  and  prevent  the 
absorption  of  phosphoric  acid,  cannot  be  doubted,  as  I  shall  presently 
demonstrate;  but  I  am  not  disposed  to  acquiesce  in  the  opinion  that 
temperature  may  be  wholly  disregarded. 

Mr.  Pourcel,  in  an  admirable  paper  read  before  the  Institute  in 
1879,  appears  to  agree  with  me  in  setting  down  temperature  as  an 
element  which  does  materially  affect  the  interchange  in  question. 

On  the  other  hand,  according  to  my  distinguished  friend  Professor 
Griiner,  when  silica  is  present  to  the  extent  of  80  per  cent,  in  the  slag, 
phosphoric  acid  is  unable  to  combine  with  oxide  of  iron;  and  I  have 
gathered  from  the  general  tenor  of  his  remarks  that  he  attaches  little 
if  any  importance  to  differences  of  temperature,  as  affecting  the 
separation  of  phosphorus. 

Phosphoric  acid  we  know  is  volatile  at  high  temperatures;  aud 
taking  advantage  of  this  the  following  experiment^  were  performed 
in  the  Clarence  Laboratory,  to  ascertain  the  power  Hi  silica  to  expel 
this  acid.  A  quantity  of  phosphate  of  iron  (Fe  0,  P,  O5  containing 
66'77  Ps  Off)  was  prepared,  mixed  with  half  its  weight  of  silica,  and 
kept  in  a  state  of  semi-fusion  at  a  bright  red  heat  for  five  hours;  at 
the  end  of  that  time  4*2  per  cent,  of  the  phosphorus  it  had  contained 
had  disappeared.  The  fused  mass  was  then  cooled,  finely  pounded, 
and  exposed  for  two  hours  to  a  temperature  sufficient  to  melt  malleable 
iron.  The  loss  of  phosphorus  at  the  end  of  this  time,  estimated  on 
its  original  quantity,  was  equal  to  17*6  per  cent. 

The  slowness  and  the  limited  extent  to  which  this  evaporation 
takes  place  would,  under  any  circumstances,  prevent  this  property  of 
phosphoric  acid  being  practically  available  in  any  of  the  processes  we 
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are  considering;  besides  iihe  presence  of  metallic  iron  would  deozidiae 
the  acid  and  thns  permit  its  reabsorption  by  a  second  portion  of  the 
metal. 

The  diagrams  given  in  a  previous  page,  having  been  oonstancted 
to  exhibit  the  percentages  of  the  original  amounts  of  carbon,  silicon,  and 
phosphorus,  which  are  removed  at  different  periods  of  the  varioos 
operations,  do  not  set  forth  the  actual  quantities  of  each  metaUoid 
separated  at  any  particular  time.  A  table  in  consequence  is  given 
below  which  contains  the  weights  of  each  of  the  three  substances  whid 
were  oxidised  at  the  end  of  seven  minutes  from  the  commencement 
Seven  minutes  was  the  period  selected  because  in  one  case,  that  of  the 
exposure  of  the  melted  iron  with  oxide  of  iron,  all  the  silicon  had  then 
disappeared  from  the  iron. 

The  pig  iron  employed  was  Cleveland  and  hematite,  and  may  be 
considered  as  having  the  following  composition: — 


BQtoan.  OMboD. 

aeveland      1'75  3*50  1-55 

Hematite       ...        1*75  3-60  -06 

The  units  of  metalloids  removed  and  remaining  were  as  follows.-— 

SUioonftad 
Silicon      Carbon  Cartxm  FlMMplianiB. 

Bemoved.   BemoTwL        Bemalning.        Semorad.  RemafniBi 

PorifyiDgprocesSfClevelandpig^   1*76  -35  3*15  1*47  "06 

Mechanical  puddling         „         1*68  -28  3*29  -85  -70 

Bade  Bessemer  process      „         1-54  *81  8*40  1*60  -05 

Refinery                              „         1*22  15  8-88  -20  1-85 
Add  Bessemer  procesSi  hematite 

pig     -91  1*12  3*22  -00  -06 

Hand  paddling,  Cleveland  pig     *70  -78  3*77  "96  *S9 

As  has  been  already  intimated  in  these  pages^  an  essential  condition 
for  effecting  the  acidification  and  removal  of  phosphorus  is  that  the 
iron  containing  it  should  preserve  the  liquid  state.  Now  the  fusibility 
of  iron  being  aided  by  the  presence  of  silicon  or  carbon,  or  by  both 
together,  the  approach  to  uniformity  in  the  united  quantity  of  these 
two  metalloids,  stiU  remaining  combined  with  the  metal,  may  be 
accepted  as  an  evidence  of  the  mass  still  remaining  fluid  at  the  expiry 
of  the  seven  minutes. 

^  This  process  wiU  be  afterwards  described. 
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The  manner  in  which  silicon  interferes  with,  or  entirely  prevents  the 
removal  of  phosphorus  may  be  supposed  to  be  as  follows: — 

In  the  Bessemer  converter  we  know  that  silicon  is  the  first  of  the 
metalloids  which  undergoes  oxidation.  Let  us  imagine  that  it  were  pos- 
sible for  silicon  and  phosphorus,  in  the  case  of  hematite  iron,  to  be  almost 
simultaneously  acidified,  as  indeed  it  will  be  seen  in  the  diagrams  is  the 
case  in  some  other  of  the  processes ;  then  we  should  have  each  unit  of 
silicon  gi^g  2*14  units  of  silica,  while  each  unit  of  phosphorus  afforded 
2'29  units  of  phosphoric  acid.  Hematite  iron  however  contains  generaUy 
fifty  times  as  much  silicon  as  it  does  of  phosphorus;  so  that  the  genera- 
tion of  2*29  units  of  phosphoric  add  would  be  accompanied  by  the 
formation  of  (2-14  x  60)  107*  of  silicic  acid. 

Concurrent  with  this  acidification  of  Si  and  P,  manganese,  or  in 
its  absence,  Fe  may  be  oxidised  in  sufScient  quantity  to  combine  with 
the  acids  (Si  0,  and  PsOe)  thus  formed.  The  composition  of  the 
resulting  salts  is  probably  determined  by  the  temperature  of  the  bath 
of  iron,  and  they  may  be  regarded  as  the  most  stable  compounds 
imder  the  existing  conditions — ^probably  (Fe  0)8  P^Oj  and  (Fe  0), 
Si  0, — ^the  latter  containing  29*4  per  cent,  of  Si  0^  and  corres- 
ponding nearly  with  I'efinery  cinder.  Such  a  cinder  may  be  regarded 
as  the  result  of  the  reaction  between  pig  iron  and  air  without  much 
admixture  of  foreign  matter.  This  primary  slag  may  be  looked  upon 
as  a  neutral  silico-phosphate  with  a  large  preponderance  of  silica 
in  relation  to  phosphoric  acid.  This  silico-phosphate  of  iron  is 
exposed,  in  the  heated  converter,  to  the  action  of  an  excess  of  fused 
silica,  derived  from  the  sides  of  the  vessel  itself.  The  result  of  the 
experiment,  already  described,  entitles  us  to  infer  that  a  portion  of  the 
oxidised  phosphorus  may  probably  be  volatilized.  In  this  event  it  is 
pretty  certain  that  the  phosphorus  thus  vapourised  would  be  retrans- 
ferred  to  the  metallic  portion  of  the  bath. 

In  practise  therefore  not  even  incipient  oxidation  or  vapourization 
of  phosphorus  is  perceptible :  there  is  a  great  excess  of  Si  Os  in  the 
slag,  from  the  very  beginning  of  the  oxidation  and  throughout  the 
entire  ''blow,"  above  that  contained  in  the  neutral  silicate  (see 
analysis,  p.  892).  The  liberated  oxidised  phosphorus  is  consequently 
reabsorbed,  in  other  words,  none  is  finally  separated. 

This  supposed  check  to  the  formation  of  phosphate  of  iron  just 
described  would  of  course  cease  within  the  bath  the  moment  all  the 
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silicx)n  was  removed.  We  may  then  imagine  a  moderate  amomit  of 
iron  (and  the  analyses  of  the  Bessemer  slags  prove  that  it  nerer 
exceeds  a  moderate  amount)  to  be  oxidised,  and  that  the  oxide  of  iron 
BO  formed  might  acidify  phosphoms  with  the  formation  of  phosphale 
of  iron.  The  phosphate  thus  formed  would,  however,  nae  to  the 
surface  and  coming  in  contact  with  a  highly  siliceous  cinder,  con* 
taining  sometimes  as  much  as  60  and  up  to  80  per  cent,  of  silicar 
would  probably  suffer  instantaneous  decomposition.  Phosphoric  add 
would  be  set  free,  and  the  phosphorus  would  be  immediately  seized  br 
and  returned  to  the  metallic  iron,  from  which  it  had  been  just  previondj 
separated. 

M.  Griiner  assigns  80  per  cent,  of  silica  in  the  slags,  as  the 
quantity  sufficing  to  prevent  the  removal  of  phosphorus,  or,  as  I 
have  jufit  put  it,  in  some  cases,  to  ensure  its  return,  if  ever  removed, 
to  the  iron.  On  referring  to  my  own  experiments  I  must  admit  that  in 
no  case  where  there  was  any  notable  separation  of  phosphorns  did  the 
silica  in  the  slag  exceed  the  proportion  assigned  by  M.  Gruner  as  the 
limit. 

Whatever  may  be  the  truth  as  regards  phosphorus,  it  is  highly 
probable  that  as  regards  the  other  metalloids  temperature  cannot  be 
disregarded.  For  the  purpose  of  examination  of  this  subject,  reference 
may  be  made  to  the  diagrams  Nos.  1  and  5,  which  refer  to  the  purify- 
ing and  Bessemer  (acid)  processes  respectively.  It  may  be  that  the 
silicon  is  more  rapidly  removed  in  No.  1 — the  purifying  process- 
by  intimate  and  immediate  contact  with  a  large  quantity  of  oxygen, 
although  combined  with  iron  as  it  is,  in  the  oxide  used  in  the  operation. 
This  is  sufficient  for  the  oxidation  of  the  whole  of  the  silicon,  while  in 
the  Bessemer  converter  the  oxidation  can  only  proceed  as  the  oxygen 
is  supplied.  That  state  of  things  however  which  has  promoted  the 
separation  of  silicon  and  has  permitted  the  separation  of  phosphoms, 
has  operated  in  a  contrary  direction  with  carbon,  for  while  *85  units 
only  have  been  driven  off  in  the  purifying  process  1*12  units  of  this 
substance  have  disappeared  in  the  converter.  No  other  explanation 
occurs  to  me  than  that  carbon  is  acted  on  more  readily  at  the  higher 
temperature  of  the  converter  than  it  is  at  the  more  moderate  one  in 
which  the  purifying  experiments  were  conducted. 

A  comparison  between  the  process  of  refining  and  that  of  puddling, 
(diagram  No.  2)  is  not  calculated  to  throw  much  light  on  the  questioiL 
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The  occasional  existence  of  peroxide  of  iron  in  the  cinder  of  the 
paddling  fdmace  would  indicate  that  this  operation  is,  as  might  be 
expected,  of  a  more  strongly  oxidising  tendency  than  that  of  refining. 
The  temperature  of  the  refinery  no  doubt  exceeds  tJiat  of  the  puddling 
furnace,  but  it  is  probably  rather  the  excessive  quantity  of  silica  in  the 
cinder  of  the  former  against  tihe  highly  basic  character  of  the  latter, 
than  any  difference  in  the  temperature  which  causes  the  iron  to  retain 
so  much  larger  a  proportion  of  its  original  phosphorus  than  is  found 
in  iron  puddled  from  pig  iron  direct. 

Notwithstanding  the  uncertainty  which  attaches  to  any  explanation 
of  the  phenomena  as  they  have  just  been  described,  it  seemed  to  offer  a 
field  for  further  enquiry.  For  if  a  reduction  in  the  temperature  at 
which  the  iron  was  maintained  does  not  expedite  the  removal  of  the 
phosphorus,  it  may  at  least  retard  the  oxidation  of  the  carbon.  This 
would  retain  the  metal  in  a  liquid  state  and  thus  afford  a  better  oppor- 
tunity of  dealing  with  the  phosphorus. 

In  order  to  pursue  this  subject,  means  were  taken  to  submit  pig 
iron  to  the  action  of  oxide  of  iron  at  a  much  lower  temperature  than 
that  at  which  either  puddling  or  refining  are  usually  carried  on.  To 
ensure  a  proper  measure  of  success,  it  is  absolutely  indispensable  that 
rapid  contact  is  effected,  because,  failing  this,  the  metal  solidifies 
before  the  dephosphorizing  is  completed.  The  excellence  of  the  results 
obtained  in  this  so-called  Purifying  Process,  during  many  trials  made 
in  connection  with  this  subject,  are  to  be  attributed  to  the  precautions 
which  have  been  taken  to  secure  this  necessary  condition. 

A  revolving  puddling  furnace,  water  jacketed,  had  a  longitudinal 
bridge  formed  on  the  interior  cylinder,  so  that  when  the  lining  was  in 
its  place,  this  prominence  constituted  a  kind  of  shelf.  By  reversing 
the  engine,  so  as  to  give  the  furnace  barrel  a  half  turn,  a  cascade  of 
iron  and  cinder  fell  continuously  over  the  shelf,  by  which  an  intimate 
and  rapid  mixture  of  the  two  fluids  was  secured. 

After  subjecting  ordinary  Cleveland  iron  to  this  treatment  for  five 
or  six  minutes,  the  whole  was  run  out;  and  on  some  occasions — 

Per  Gent. 
Carbon  wm  fonnd  only  rednoed  to  the  extent  of    5  of  its  original  qnantltj. 
WhUe  silicon  had  disappeared  to  the  extent  of      99  „  „ 

And  phosphorus  ,',  »  95  „  „ 

Z 


1 

88 

Nil 

3 

68 

13 

17 

36 

52 

8 

97 

47 
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Ten  cwts.  of  iron  were  treated  on  each  operation,  with  about  4 
owts.  of  liquid  oxide.  The  famace  was  kept  np  to  a  good  heat,  bat 
owing  to  the  weight  of  material  employed  the  temperature  was  in^or 
to  that  which  obtains  even  in  a  paddling  fm*naoe.  No.  1  in  the  series 
of  diagrams,  page  888,  gives  the  particolars  of  this  mode  of  remoTing 
silicon  and  phosphoros,  which  I  have  already  designated  as  a  process 
of  Purification.  For  the  sake  of  greater  clearness,  I  subjoin  in 
figures,  taken  from  the  diagrams,  the  position  of  matters  in  eadi 
process  after  six  minutes  had  elapsed,  beginning  with  the  metal 
(Oleveland)  in  a  state  of  fusion: — 

Feroeatage  remcyred  in  aix  miimtes  of       Oarbon.       8iUooii.  ThostboKm. 

Per  Cent.    Per  Oebt.    Ptt-  OtaL 

Bessemer  converter — ^Basic      

JXit^IUAOX'Y     ••«  ■•»  ••■  •••  ■»•  ••• 

Hand  paddling  ... 

Mechanical  paddling  with  excess  of  oxide     ... 

Parifying  with  about  half  the  quantity  of 

oxide  used  in  mechanical  puddling         ...  5  99  95 

The  circumstance  of  the  mechanical  puddling  removing  the  sQicon 
as  quickly  as  the  purifying  process,  while  the  phosphorus  is  only 
eliminated  to  half  the  extent,  would  indicate  some  difference  beyond 
that  of  rapid  admixture,  inasmuch  as  there  is  a  considerable  resem- 
blance in  the  mechanical  appliances  employed  in  both.  While  sug- 
gesting that  it  may  be  due  to  differences  of  temperature,  I  am  bound 
however  to  admit  that  more  extensive  experience  is  desirable  before 
speaking  with  confidence  on  this  branch  of  the  subject. 

In  reference  to  the  oxide  employed  in  the  purifying  process,  it 
may  be  remarked  that,  as  a  rule,  it  contained  about  20  per  cent,  of 
silica,  which  is  more  than  that  commonly  employed  in  the  fettling 
used  in  the  puddling  furnace. 

In  the  process  of  puddling,  as  it  is  usually  conducted,  an  increase 
of  heat  is  applied  to  the  ball  just  before  it  is  withdrawn  from  the 
furnace.  At  this  period  all  the  granules  of  iron  are  of  course  coated 
with  the  cinder,  more  or  less  enriched  with  the  phosphorus  which  has 
been  previously  drawn  from  the  iron.  If  moderate  temperatures  are 
best  adapted  for  enabUng  the  oxide  of  iron  in  the  cinder  to  acidify, 
and  thus  absorb  the  phosphorus,  it  seemed  reasonable  to  infer  that  by 
exposing  the  two  substances  to  an  intense  heat  the  action  should  be 
reversed ;  for  we  know  that  iron  at  high  temperatures  can  ix>b  even 
phosphate  of  lime  of  its  phosphorus. 
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Some  Gleveland  pig  iron,  oontaining  1*516  per  cent,  of  phosphonis 
was  puddled  at  a  lower  temperature  than  commonly  obtains  in  a 
Danks  furnace.  The  iron,  when  ready  for  balling,  contained  '122  per 
cent,  of  phosphorus,  but  when  the  balls  were  cleansed  flrom  adhering 
cinder  by  fusion  in  alkaline  carbonates,  the  phosphorus  was  reduced 
•to  '068  per  cent.  After  heating  this  granular  iron  with  the  cinder 
accompanying  it  to  a  welding  point,  the  bloom  similarly  deaned 
•contained  '145  of  phosphorus.  In  like  manner  other  granules  of 
iron,  also  containing  *086  of  phosphorus,  were  exposed  to  the  highest 
heat  of  a  reverberatory  furnace,  in  contact  with  some  of  the  cinder 
with  which  they  bad  been  puddled.  In  two  hours  and  ten  minutes 
the  phosphorus  combined  with  the  iron  had  risen  to  '255  per  cent.  • 

These  experiments  appear  to  indicate  that  at  the  lower  temperature 
oxide  of  iron  acidifies  and  combines  with  the  phosphorus  existing  in 
pig  iron;  and  that  the  phosphorus,  after  the  carbon  has  disappeared, 
is  retained  in  its  new  form  of  combination.  When  however  the  tem- 
perature was  raised,  the  metallic  iron  recovered  a  portion  of  the  phos- 
phorus, which  it  had  parted  with  when  the  heat  was  of  a  less  intense 
character. 

It  was  soon  remarked,  during  the  progress  of  my  trials,  which  ex- 
tended to  the  treatment  of  a  few  hundred  tons  of  metal,  that  silica 
greatly  impeded  the  object  I  had  in  view.  Calcined  Cleveland  stone, 
which  contains  about  11  or  12  per  cent,  of  lime  and  magnesia,  and 
about  12  per  cent,  of  silica,  was  then  tried  both  alone  and  with  lime 
superadded,  with  such  results  as  led  me  to  consider  that,  in  point  of 
economy  and  efficiency,  the  oxide  as  it  exists  in  the  Cleveland  ore 
would  be  found  to  satisfy  ail  the  requirements  of  the  case. 

It  sufficed  to  heat  the  ironstone,  or  other  form  of  oxide,  red  hot, 
and  then  to  run  the  metal  from  the  blast  Aimace  upon  it:  the  silica, 
furnished  by  the  oxidation  of  the  silicon  in  the  iron,  rapidly  fused 
the  oxide  of  iron,  which  at  once  commenced  to  act  on  the  phosphorus 
in  the  manner  already  described. 

The  late  Mr.  John  Price,  while  Superintendent  of  the  Qovemment 
iron  works  at  Woolwich,  practised  this  system  of  freeing  Cleveland  pig 
iron  from  its  associated  phosphorus  at  that  establishment.  The  molten 
metal  was  simply  agitated  with  melted  oxide  in  an  ordinary  puddling 
furnace  and  then  run  out  into  moulds.    The  purified  iron  was  then 
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melted  in  a  Price's  retort-fdmace  and  spiegel  or  ferro-manganeee  was 
added  in  the  way  nsnally  practised  in  the  open  hearth  ore-prooess.  The 
steel  so  made  was  used  to  some  extent  for  castings  or  forged  into  axle& 
and  other  objects  required  at  Woolwich.  A  number  of  ingots  was  nm 
from  which  perfectly  sound  rails  were  rolled  for  the  North-Eastem 
Railway.  By  this  imperfect  mode  of  manufacture  the  phosphorus 
was  reduced  to  under  2  per  cent,  in  the  steel. 

Soon  after  I  communicated  the  results  of  these  experiments  to  the 
Iron  and  Steel  Institute^^  Mr.  Erupp^  of  Essen,  who  had  been  engaged 
in  a  similar  line  of  enquiry,  commenced  to  practice  the  process  on  a 
large  scale,  and  my  late  Mend  Alex.  L.  Holley  has  done  the  same  in 
the  United  States.  In  addition  to  oxide  of  iron,  it  was  stated  that  it 
had  been  found  advantageous  to  employ  a  certain  quantity  of  oxide  of 
manganese.  Mr.  Holley  has  described  at  length  the  result  of  his  ob- 
servations.^ According  to  information  received  by  this  gentleman 
upon  this  occasion,  something  like  17,000  tons  of  pig  iron  had  been  so 
treated  at  Essen,  where  the  product  was  partly  used  for  the  manu&c- 
ture  of  steel  tyres  and  axles  for  railway  purposes. 

The  iron  operated  on  contained  only  about  half  the  phosphoros 
usually  found  in  Cleveland  pig;  and  the  £3llowing  shows  the  composi- 
tion of  the  metal  before  and  after  the  process  of  puniication: — 


OrlgbiaL 

After4mizu. 

After  Simios. 

AfterTmiiiL 

Carbon            ...        3  82 

3-27 

•  • 

3-27 

3-32 

Silicon             ...        0-39 

•02 

k  •  • 

•01 

•023 

Sulphur          ...          -09 

•024 

•  ■ 

•026      ... 

•029 

Phosphorus     ...          '74 

•16 

i  •  ■ 

•146      .. 

•106 

Manganese      ...        2*32 

•038 

•  • 

•116 

•0«^ 

The  cinder  contained  as  follows: 

— . 

Silica    ... 

18-0 

Lime 

•7 

Alumina 

11-6 

Oxide  of  manganese 

16-6 

ff     iron 

610 

Phosphoric  acid  ... 

6-0 

Sulphuric      n 

•2 

991  p( 

ftroant. 

*  Journal  of  Iron  and  Steel  Institute,  1877. 
^  Trans.  American  Institute  Mining  Engineers,  1880. 


OwboD. 

SlUoon. 

Solphnr. 

Fho^horatb 

3-251 

0-22 

0-12 

0rO89 

8-412 

0-125 

0024 

0-380 
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The  process  was  carried  on  at  Essen  by  treating  the  metal  in  a 
Pemot  fomacey  the  revolying  motion  of  which  renewed  the  sorfaoes 
of  iron  and  cinder;  bat  in  my  judgment  this  appears  a  less  perfect 
manner  of  securing  a  rapid  admixture  between  the  two  substances,  than 
the  plan  adopted  in  my  own  experiments. 

The  immediate  object  of  my  trials  was  to  obtain  a  material  which; 
coming  from  phosphoretic  iron,  might  yet  be  serviceable  for  steel  making. 
At  the  same  time  it  was  obvious  that  such  crude  iron,  purged  much 
more  completely  of  its  silicon,  sulphur,  and  phosphorus  than  by  any 
process  of  ordinary  refining  with  which  I  am  acquainted,  and  still 
retaining  nearly  its  original  amount  of  carbon,  ought  to  be  valuable 
as  a  material  for  the  manu&cture  of  malleable  iron.  I  would  submit, 
s&  an  instance  for  comparison,  the  composition  of  two  samples,  which 
may  equally  be  regarded  as  refined  metal,  as  under: — 

Purified  hot  blast  Cleveland  iron 
West  Yorkshire  cold  blast  refined 

In  former  times  it  was  considered  necessary  to  avoid  not  alone 
impurities,  in  the  selection  of  pig  iron  for  forge  purposes;  but  it  had  to 
be  chosen  from  some  imaginary  quality  in  the  actual  iron,  which  in 
some  mysterious  manner  fitted  it  especially  for  its  intended  use.  This 
idea  indeed  still  lingers  in  the  minds  of  some  manufacturers  of  the 
present  day;  but  it  remains  yet  to  be  proved  that  perfectly  good 
malleable  iron  may  not,  by  the  same  careful  treatment  in  the  forge, 
be  made  from  metal  however  obtained,  provided  only  the  composition 
of  the  puddlers'  charge  resembles  the  refined  cold  blast  pig  of  West 
Yorkshire. 

The  Bessemer  process  sprung  into  existence  towards  the  dose  of 
the  reign  of  empiricism.  Its  original  failure  and  subsequent  success 
drove  the  manuiacturers  to  seek  for  scientific  aid  in  order  to  ascertain 
the  reason  of  both;  and  now  pig  iron  of  suitable  quality  for  this  pur- 
pose is  chosen  by  analysis,  with  the  utmost  certainty  as  to  the  results 
which  metal  of  a  given  composition  will  afford.  So  long  as  this  com- 
position is  retained,  no  one  enquires  firom  what  kind  of  ore  the  metal 
is  produced. 

Under  the  competition  which  iron,  purified  in  the  manner  just 
jeferred  to^  has  to  meet,  the  margin  of  economy  is  not  a  large  one. 


i  •  •  • 

*  *  • 


• 


*  *  *  * 
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This  obsesrvation  however,  is  limited  to  a  comparison  of  the  actual 
cost  involved  in  the  smelting  of  snch  ores  as  those  of  the  Cleveland 
hills,  and  of  the  purer  hematites  of  the  north-west  of  England,  or  those 
of  Spain  and  elsewhere.  Of  course  this  margin  is  liable  to  fluctuations 
of  a  very  great  magnitude,  when  the  demand  for  the  finer  kind£  of  iron 
rises,  as  it  has  done  recently^  in  excess  of  the  supply.  In  Mr.  HoUeVs 
report  of  the  practice  at  Essen,  he  sets  down  the  loss  at  2*5  per  cent.,, 
which  coincides  pretty  nearly  with  my  own  practice;  and  this  with  the 
cost  for  coal,  repairs,  ore,  labour,  etc.,  will  bring  the  total  expense  up 
to  about  6s.  or  7s.  per  ton.  M.  Peterson  of  Eschweiler  gives  the  M- 
lowing  as  his  estimate: — 18  to  80  of  ore  per  100  of  pig,  according  to  the 
quantity  of  phosphorus  contained  in  the  iron;  coal  about  2  cwts.  per 
ton  of  crude  iron.  Assuming  Cleveland  pig  iron  to  be  bought  at  1 5s.  per 
ton  below  the  price  of  the  purer  qualities  made  jfrom  hematite  ore,, 
it  would  appear  that  in  the  absence  of  any  better  method  of  treating 
phosphoric  iron  such  a  process  as  that  just  described  might  be  em- 
ployed with  advantage. 

In  the  experiment  with  the  converter  described  in  page  395  and 
undertaken  with  a  view  to  reduce  the  acid  composition  of  the  slag, 
oxide  of  iron  was  the  base  employed.  Failure  attended  my  researches 
in  this  direction,  because  the  basic  addition  corroded  the  silicions 
lining  so  rapidly,  as  to  maintain  in  the  cinder  an  excessive  amount 
(above  45  per  cent.)  of  silica.  The  want  of  success  which  had  attended 
the  attempts  of  Dr.  Siemens  and  others  to  use  other  linings  than  silica 
deterred  me  from  prosecuting  any  expensive  trials  as  to  a  better  mode 
of  protecting  the  vessel  itself. 

Mr.  G.  J.  Snelus  had  in  the  year  1872  met  with  a  certain  amount 
of  success  in  lining  a  small  converter  with  lime;  and  during  his  experi- 
ments he  undoubtedly  had  observed  that  the  neutralising  of  the  cdlidc 
add  by  this  earth  exercised  a  marked  effect,  in  reducing  the  quantity 
of  phosphorus  as  contained  in  the  pig  iron.  Either  this  success,  com- 
mercially speaking,  was  not  sufSdently  marked,  or  other  circumstances 
deterred  Mr.  Snelus  from  prosecuting  his  work  with  the  spirit  which  a 
further  inquiry  has  led  many  competent  judges  to  believe  it  deserved. 
Messrs.  Thomas  and  Gilchrist,  in  the  years  1878  and  1879,  read  before 
the  Iron  and  Steel  Institute  papers  descriptive  of  their  work  in  the 
use  of  lime  in  the  converter.    They  also  use  a  vessel  lined  with  lime> 
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88  first  snggested  by  Mr.  Snelns,  or  with  a  mixture  of  magnesia  and 
lime;  but,  inasmuch  as  something  like  20  parts  of  quick  lime  have 
been  found  necessary  for  the  treatment  of  100  of  Oleveland  pig  iron, 
it  is  clear  it  would  not  do  to  have  to  depend  on  the  lining  for  fur- 
nishing so  large  an  amount  of  the  calcareous  base;  even  were  it  capable 
of  affording  it  which  is  perhaps  doubtful.  This  has  led  these  gentle- 
men to  add  lime  to  the  charge,  for  the  avowed  purpose  of  neutralizing 
the  silica  formed  during  the  blow — an  object  which  is  not  so  conspicuous 
in  Mr.  Snelus'  original  publication  bearing  on  the  subject.^ 

The  use  of  lime  in  the  converter,  suggested  in  the  manner  just 
described,  has  led  to  a  large  quantity  of  phosphoric  pig  iron  being  now 
used  for  the  manufacture  of  steel  rails.  Indeed  as  regards  the  quality 
of  the  product,  so  far  as  chemical  composition  and  the  ordinary 
mechanical  tests  enable  us  to  judge,  there  is  no  reason  whatever  for 
supposing  that  it  differs  from  the  steel  made  from  hematite  iron. 
According  to  information  supplied  to  me  by  Mr.  Percy  Gilchrist  the 
works  now  using  the  Basic  process  produced  in  the  half-year  ending 
31st  March,  1883:— 

Works  in  Genmuiy       152,479 

67,911 


„       England 
„       Aostria 

other  coontrieB 


» 


Total  Tons 


87,476 
33,034 

280,900 


The  extent  to  which  this  Basic  process  will  take  the  place  of  its 
acid  predecessor  must  of  course  depend  on  the  difference  in  price 
between  the  two  kinds  of  pig-iron — the  greater  this  difference,  the 
greater  will  be  the  margin  to  cover  the  larger  waste  and  additional 
expenses  connected  with  the  Basic  mode  of  treatment.  At  Middles- 
brough this  difference  of  cost  of  production  of  the  crude  metal  is  about 
10s.  to  15s.  per  ton,  whereas  in  Westphalia  and  the  East  of  France  it 
is  sometimes  almost  double  this  amount.  Accordingly  in  certain 
localities  this  new  process  has  been  adopted  much  more  rapidly  than 
in  the  United  Kingdom. 

In  speaking  of  the  development  of  this  recently  introduced  branch 
of  industry,  it  would  be  unpardonable  to  omit  mentioning  the  claims 
of  Mr.  E.  Windsor  Richards  in  its  promotion.    For  half-a-dozen  years 

'  Mr.  Snelus  and  Mr.  Thomiu  received  Bessemer  Gold  Medals  for  their  inven- 
tions  in  1888  from  the  Iron  and  Steel  Institute. 
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after  Mr.  Snelns'  first  spedficationy  no  notice  was  taken  by  the  steel- 
makers of  this  gentleman's  invention.  This  however  may  be  ezcosed 
by  the  circnmstance  of  its  value^  as  a  means  of  removing  phosphoras, 
not  being  very  clearly  stated.  Fortunately  when  Messrs.  Thomas 
and  Gilchrist  bronght  their  ideas  before  the  public,  Messrs.  Bolckow, 
Yanghan,  &  Co.  had  jost  erected  a  very  lai^e  steel  rail  mill  on  the  banks 
of  the  Tees,  and  it  was  fortunate  for  the  inventors,  that  this  work  was 
being  carried  out  under  the  direction  of  Mr.  Bichards.  No  one  who 
is  acquainted  with  the  difficulties  which  were  encountered  in  the  prac- 
tical application  of  what  may  appear  a  simple  matter,  will  deny  that  to 
this  gentleman  and  to  the  enterprise  and  boldness  of  his  Directors  merit 
is  due  not  inferior  to  that  of  the  originatois  of  the  process  itself. 

Messrs.  Thomas  and  Gilchrist  appear  to  fix  20  per  cent,  of  silica  in 
the  slag,  as  the  limit  to  which  this  substance  can  be  permitted  to  attend 
without  prejudicially  interfering  with  the  removal  of  phosphorus.  These 
authorities,  and  also  Mr.  Snelus,  insist  on  the  formation  of  a  highly 
basic  slag,  so  as  to  present  a  strong  base  with  which  the  phosphoric 
acid  may  unite  at  the  moment  of  Us  formation,  Messrs.  Thomas  and 
Gilchrist  ftirther  give  us  to  understand  that  a  sufficiency  of  Ume  pre- 
vents the  necessity  of  "  over-blowing;"  which  may  be  presumed  to 
mean  that  it  avoids  the  evil  of  wasting  metallic  iron,  and  the  conse- 
quent admission  of  oxide  of  iron  into  the  cinder. 

We  are  indebted  to  Mr.  E.  W.  Richards  of  the  Eston  Works,  and 
to  M.  M.  Massenez  and  Pink  of  Horde,  for  much  valuable  information 
in  the  practise  of  this  now  so-called  Basic  process.  From  it  we  learn 
the  nature  of  the  gradual  changes  experienced  by  iron,  in  the  presence 
of  lime,  while  throwing  off  the  manganese  and  the  four  metalloids  with 
which  it  is  associated  while  in  the  form  of  pig. 

The  following  table,  and  an  appropriate  diagram,  were  conmrnni- 
cated  by  Mr.  Richards  to  the  Iron  and  Steel  Institute  at  Liverpool  in 
1879,  in  connection  with  his  experience  in  removing  phosphorus  by 
the  Basic  treatment. 


FJmd  metal— 

Minutes  after  com-    \ 
menoementofblow  J 

3 

6 

9 

12 

14J 

16i 

Carbon 

...    8-6 

3-6 

3-40 

2-40 

•09 

•076 

•00 

Silicon 

...    17 

•8 

•28 

•06 

•01 

•00 

•00 

Sulphnr 

...       05 

•05 

•06 

•05 

•05 

•05 

-05 

Phosphoms    ... 

...     1-50 

1-60 

1-68 

1-43 

1*42 

1-20 

•06 
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Correiponding  tlagi 
Miniites  after  com- 
mencement of  blow 


1 


3 


6 


9 


12 


14i         16}      16-86 


Silicft ... 

..  3260 

42-60 

36-00 

3560 

8800 

15-60 

16-60 

Phoephoric  acid 

•60 

•15 

1-60 

2-61 

5-66 

15-06 

1608 

83-20 

42-75 

37-60 

3821 

38-66 

30-66 

32-68 

Oxide  of  iron... 

..    7-26 

2-67 

5-91 

617 

7-89 

13-43 

14-59 

Difference  —  Lime, 

magneeia,  almnina, 
and  oxide  of  man- 

I  59*54 

54-68 

56-49 

55-62 

53-45 

55-91 

52-78 

saneBe      •  •  •         •  •  • 

) 

100-00 

lOOW 

lOOW 

10000 

100-00 

100-00 

lOOKX) 

Two  heats^  blown  from  Cleveland  iron  in  my  presence,  at  Eston, 
.^ve  before  the  addition  of  spiegel  the  following  results: — 


Carbon 
SiHoon  ... 
Sulpbnr 
Phosphoms 
Manganeae 


Corretponding  Slag  a 
oilica   ...        ...        ... 

Phospboric  acid 

Plrotoxide  of  iron 
Peroxide          ^          ... 
Protoxide  manganese 
Lime    ... 
Magnesia        


•  ■•  •  ■  • 


Percent. 
-036 
NU. 
•065 
•150 
-125 


2110 
10-36 

31-46 
18*89) 

1-71) 
12^49  I 
29^44 

7 

3-63 


Iron  12-00 


•38^ 
-68) 


52-94 


Percent. 
•068 
Nil. 

-064 


17-79 
13-83 


Iron  11-96 


52-79 


lOOOO 


100-00 


The  Diagram  No.  S  in  the  series,  given  at  page  888^  is  constmcted 
npon  the  same  principle  as  that  adopted  in  this  work  for  the  other 
processes  of  treating  pig  iron,  and  it  shows  in  a  blow  of  Basic 
Bessemer  steel  the  percentage  rate  at  which  the  metalloids  are 
removed  irom  the  iron. 
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The  analyses  of  the  metak  and  slags  which  have  been  blown  nnder 
the  Basic  treatment  leave  no  doubt  that  the  phosphorns  originallj  in 
the  pig  is  acidified^  and  transferred  to  the  slag  as  a  phosphate.  ITp 
to  this  time  howeyer  those  who  have  examined  the  subject  most  fte- 
qnently  are  not  agreed  as  to  whether  the  phosphoric  acid  is  combined 
with  lime,  or  with  oxide  of  iron. 

Experiments  by  M.  Pourcel,  described  by  him  in  a  very  able  paper,^ 
prove  apparently  beyond  all  doubt  that  at  high  temperatures  cast  iron 
decomposes  phosphate  of  lime.  It  is  somewhat  improbable  therefore 
that,  were  the  phosphorus  in  pig  iron  acidified  in  a  converter,  it  would 
combine  with  lime  in  preference  to  oxide  of  iron,  if  in  the  presence  of 
the  latter  base.  On  the  other  hand,  it  is  equally  difficult  to  see  how» 
in  the  absence  of  oxide  of  iron,  acidification  of  the  phosphorus  can  be 
accomplished.  The  lime  cannot  be  regarded  as  a  possible  source  of 
the  oxygen  required,  and  it  is  certain  that  air  blown  through  melted 
cast  iron  will  oxidise  the  metal  before  the  phosphorus  is  sensibly 
affected.  Phosphate  of  iron  may  no  doubt  be  formed  in  the  first  instance, 
which  if  decomposed  by  lime  would  give  phosphate  of  lime  and  oxide 
of  iron.  This  oxide  of  iron  if  reduced  by  carbon  or  silicon  might  then 
pass  as  metal  into  the  steel. 

In  respect  to  the  source  of  the  oxygen  required  for  acidification, 
there  is  perhaps  little,  if  indeed  any,  diflferenoe  of  opinion ;  but  while 
M.  Pourcel  gives  good  reasons  for  believing  that  the  phosphoric  acid 
is  combined  with  iron  in  the  cinder,  Mr.  Stead,^  who  has  had  ample 
opportunity  of  examining  the  subject  at  the  works  of  Messrs.  Bolckow, 
Yaughan,  &  Co.,  arrives  at  a  different  conclusion ;  and  certainly  his 
opinion  is  one  we  cannot  disregard. 

It  may  appear  of  little  moment  by  what  precise  mode  of  actioii  the 
phosphorus  is  transferred  to  the  cinder,  so  long  as  it  is  effectually 
removed  fix)m  the  iron.  There  is  connected  with  the  question  how- 
ever one  point  of  some  economic  importance ;  for,  if  lime  could  at  once 
lay  hold  of  phosphoric  acid,  however  formed  in  the  process,  over- 
blowing and  the  waste  of  iron  consequent  thereon  might  possibly  be 
dispensed  with.  If,  on  the  other  hand,  phosphate  of  iron  must  first  be 
generated,  it  seems  probable  that  an  additional  waste  of  metal,  a& 
compared  with  the  ordinary  Bessemer  blow,  is  unavoidable. 

'  Journal  Iron  and  Steel  Institute,  1879,  No.  2. 
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For,  on  referring  to  the  analyses  (page  409)  of  iron  and  its  corres- 
ponding slags,  taken  at  varions  stages  of  the  operation,  it  will  be 
observed  that  the  iron  has  sensibly  increased  in  the  slag,  before  the 
phosphorus  has  greatly  diminished  in  quantity  in  the  metal  under 
treatment.  It  therefore  seems  highly  probable  that  if  the  phosphoric 
acid  in  the  cinder  is  combined  with  lime,  it  has  changed  places  with 
silica  previously  combined  with  that  earth;  the  result  being  a  conver- 
sion of  phosphate  of  iron  and  silicate  of  lime  to  phos{^ate  of  lime  and 
silicate  of  iron. 

The  lai^  quantity  of  a  somewhat  refractory  cinder  has  undoubtedly 
presented,  as  has  been  already  intimated,  an  inconvenience  in  the 
manipulation  of  this  new  process.  I  have  been  unable  to  ascertain 
the  proportion  which  the  cinder  actually  bears  to  the  iron  operated 
on;  bnt  an  approximate  estimate  can  be  made,  based  on  the  changes 
expressed  by  the  iron  itself  and  by  the  composition  of  the  slags. 
Adopting  these  data  as  a  guide  in  the  computation  I  estimate  that 
there  will  be  present  in  the  converter  in  which  ten  tons  of  metal  are 
being  blown  something  like  2^  to  8  tons  of  slag. 

This  large  amount  of  additional  matter  as  compared  with  the  acid 
process  must  undoubtedly  continue  to  be  a  source  of  some  inconve- 
nience owing  to  its  tendency  to  choke  the  apparatus.  In  the  ordinary 
Bessemer  process,  every  constituent  of  the  scoriae  may  be  regarded  as 
having  afforded  by  its  previous  oxidation  a  great  amount  of  heat.  In 
the  Basic  process,  on  the  contrary,  the  fusion  of  the  lime  and  magnesia 
demands  an  intense  temperature  without  contributing  in  any  way  to 
its  generation.  In  the  matter  of  volume  too,  this  cinder  may  present 
some  difficulty;  for,  swollen  as  it  is  with  gaseous  matter,  it  will  pro- 
bably occupy  a  much  greater  space  in  the  converter  than  the  steel 
itself;  but  the  difficulty  can  hardly  be  regarded  as  one  of  serious 
magnitude  in  a  process  where  the  chief  object,  viz.,  the  removal  of  the 
phosphorus,  has  been  so  completely  achieved. 

The  information  contained  in  the  analyses  of  the  cinder  already 
given  enables  us  to  form  some  idea  of  the  actual  quantity  of  iron  lost 
during  the  Basic  prooess,  over  and  above  that  combined  with  the 
cinder  as  oxide  of  iron. 

In  the  computation  showing  the  weight  of  slag  formed  during  the 
operation,  the  quantity  of  metalloids  separated  was  considered  as  being 
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7*38  parts  per  100  of  iron  treated.  The  actnal  loss  in  weight  howeva 
was  17  per  oent.;  and  the  difference  between  this  figure  and  that  for 
the  metalloids  removed  (9*62)  could  only  represent  loss  in  iron,  which 
is  therefore  9*62  per  cent,  in  all.  Of  this  no  doubt  a  portion  was  re- 
presented by  granules  of  metal  left  in  the  cinder,  for  on  one  occasiaiia 
specimen  of  the  latter  was  found  in  the  Clarende  Laboratory  to  contaiii 
11*4  per  cent,  of  its  weight,  which  was  separated  by  means  of  a  loagneL 

Now  if  we  assume  that  100  parts  of  pig  gave  23  of  cdnder,  and 
that  the  latter  contained  14*80  per  cent,  of  oxide  of  iron,  we  hare 
2*64  parts  of  iron  accounted  for  in  this  way.  The  actual  loss  of  iron, 
however,  has  been  shown  to  be  9*62  parts,  which  leaves  6*98  un- 
accounted for. 

The  estimated  loss  in  blowing  ordinary  Bessemer  iron  at  Nenberg, 
already  referred  to,  amounted  to  10*986  per  cent.,  and  consisted  of-* 

Carbon.  Silicon.         Snlpbor.     Phospihonis.    Manganese.         Iron. 

8-980  1-932  -018  Nil.  3-827  1*729  -  10-986 

This  calculation,  which  corresponds  within  a  mere  trifle  to  the 
actual  loss,  indicates  that  little  or  no  iron  has  disappeared  whidi 
cannot  be  accounted  for.  Again,  in  treating  ordinary  Bessemer  iron 
in  Great  Britain,  where  the  loss  is  said  to  be  12  per  cent.,  there  is  no 
such  difference  between  the  iron  in  the  steel  and  cinder  and  that 
delivered  to  the  converters.  Mr.  Stead  regards  the  quantity  of  iron 
actually  evaporated  in  the  Basic  process  as  being  exceedingly  small 
If  so,  then  a  large  portion  of  the  additional  loss  of  metal  must  be  due 
to  the  pasty  consistence  of  the  slag,  in  consequence  of  whidi  a  mudi 
less  perfect  separation  of  the  mechanically  suspended  globules  of  sted 
takes  place,  than  from  the  fluid  cinder  when  blowing  hematite  iron. 
These  globules  of  metal,  being  irregularly  disseminated  through  the 
slag,  their  quantity  is  not  easily  ascertained. 

Looking  at  the  larger  quantity  of  slag  which  has  to  be  melted, 
there  can  be  no  reason  for  supposing  that  there  is  not  a  larger 
quantity  of  heat  required  in  the  Basic  system  than  in  a  converter 
worked  in  the  ordinary  Bessemer  fashion.  Admitting  this,  it  will  be 
demonstrated,  when  we  come  to  estimate  the  quantity  of  heat  evolved 
in  the  two  processes,  that  possibly  the  burning  of  a  quantity  of  iron 
may  be  indispensable,  when  a  large  quantity  of  lime  is  added  to  \bb 
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charge.  If  the  oxide  of  iron  resnlting  from  this  combustion  is  not  in 
the  slag,  it  must  have  been  vapoorized,  an  action  of  itself  demanding 
the  expenditure  of  farther  heat. 

The  overblowing  supposed  as  being  indispensable  to  the  suooess  of 
the  Basic  process  induced  me  to  observe  the  effect  of  exposing  borings 
of  different  rails  heated  to  a  full  red  to  a  current  of  hydrogen  gas. 
This  was  done  in  order  to  discover  to  what  extent  the  steel  had 
absorbed  oxygen  gas. 

An  iron  rail  of  the  ordinary  quality  lost  in  2  hours  '149  per  cent., 
and  in  4  hours  '190  per  cent.  A.  steel  rail  made  by  the  Basic  process 
before  adding  the  spiegel  lost  in  8|  hours  '248  per  cent.,  and  in  8| 
hours  '284  per  cent.  After  the  addition  of  the  spiegel,  which  is  known 
to  remove  oxygen,  the  loss  in  S|  hours  by  exposure  to  hydrogen  was 
•079  per  cent.,  and  in  8|  hours  '105  per  cent. 

These  two  experiments  point  to  the  conclusion  that  the  iron  rails, 
in  which,  from  the  presence  of  cinder,  the  most  oxygen  might  be  ex- 
pected, in  reality  contained  somewhat  less  of  this  element,  liable  to  be 
affected  by  hydrogen  than  steel  obtained  by  the  Basic  treatment. 

Phosphorus,  constituting  the  dangerous  element,  it  is  of  importance 
that  the  separation  of  this  substance  should  be  so  effectual  by  the 
Basic  mode  of  treatment,  that  it  does  not  exceed  in  quantity  that 
found  in  rails  made  by  the  acid  process. 

For  the  purpose  of  illustrating  how  completely  this  is  achieved 
two  tables  of  analyses  of  each  kind  of  rail  have  been  taken  from  the 
laboratory  records  of  the  North-Eastem  Railway  Company. 
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CONSECUTIVE  ANALYSES  MADE  IN  NORTH-EASTERN   RAILWAY  J 
COMPANY'S   LABORATORY   BY   Mr.   ROUTLEDGE   OF 
20  STEEL  RAILS  MADE  FROM  HEMATITE  IRON. 
CONTAINED  PER  100  PARTS. 
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it 


»' 


n 


»> 


1  ... 

Oubon, 
•47 

SlUoon. 
•14 

SnlpihTur. 
•08 

Fhaqthonu. 
•06 

1-69 

Ira. 
97^e6 

2  ... 

•60 

•18 

-12 

•06 

1-81 

9r» 

8  ... 

•46 

•10 

■16 

•06 

1-81 

97« 

4  ... 

•62 

•09 

10 

•06 

•96 

96^28 

6  ... 

•46 

■09 

10 

•06 

1-81 

97« 

6  ... 

•43 

•11 

11 

•05 

1-04 

96« 

7  ... 

'42 

•12 

12 

•06 

1-22 

98<I7 

o  ... 

•41 

•14 

16 

•06 

146 

97-79 

9  ... 

•44 

•16 

13 

•05 

1-70 

97-5S 

10  ... 

•44 

•06 

13 

•06 

•97 

98ie 

11  ... 

-46 

•06 

14 

•06 

•92 

98-88 

12  ... 

•62 

•08 

17 

■06 

1-04 

98-I4 

18  ... 

•62 

•12 

•16 

•06 

1-01 

98-15 

14  ... 

•60 

•10 

•18 

•05 

1-08 

96-U 

16  ... 

•46 

•10 

11 

•05 

120 

98-(» 

16  ... 

•48 

•06 

•09 

•06 

112 

d8^26 

17  ... 

•89 

•06 

•09 

•06 

1-04 

96-95 

18  ... 

•89 

•10 

•14 

■06 

118 

98-19 

19  ... 

•86 

•08 

•12 

•06 

1-01 

98-39 

20  ... 

•61 
•462 

•10 
•105 

•08 
•121 

•04 
•062 

116 
1178 

96-11 

96^092 

In  the  finished  steel  there  are  three  elements  which  the  mann&o- 
tnrer  seeks  to  get  rid  of>  viz.  the  silicon,  solphnr  and  phosphorus. 
The  united  percentage  of  these  in  the  rails  made  fi'om  hematite  pig  is 
•278  whereas  in  the  Basic  steel,  although  the  iron  used  in  its  maiui- 
factore  may  contain  2  per  cent,  of  phosphoros,  this  substance  is 
practically  reduced  as  low  in  quantity  as  in  the  hematite  steeL 
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CONSECUTIVE  ANALYSES  MADE  IN  NORTH-EASTERN  RAILWAY 

COMPANY'S  LABORATORY  BY  Mr.  ROUTLEDGE   OP 

20  STEEL  RAILS  MADE  PROM  CLEVELAND  IRON 

BY  THE  BASIC  PROCESS. 


Cartxm. 

SUlcon. 

Bnlphor. 

Phoiphonia. 

Iron. 

IJo. 

1     ... 

•38 

•07 

•03 

•06 

115 

9681 

»> 

2  ... 

•47 

•04 

•06 

•06 

116 

96-22 

»» 

3  ... 

•47 

•07 

•03 

•06 

117 

98-30 

» 

4  ... 

•46 

•03 

•12 

•06 

131 

98-02 

*♦ 

5  ... 

•48 

•06 

•10 

•06 

146 

9786 

*l 

6  ... 

•46 

04 

•11 

•06 

124 

9809 

» 

7  ... 

•48 

■06 

•11 

•06 

1-07 

98-22 

»» 

o    ... 

'46 

•09 

•11 

•06 

119 

9809 

-»f 

V  ... 

•37 

•09 

•07 

•06 

1-22 

98-20 

»» 

10  ... 

•40 

•05 

•10 

•06 

109 

9831 

f» 

11  ... 

•46 

•03 

•11 

•06 

1-28 

98-07 

12  ... 

•46 

•04 

•07 

•05 

118 

9819 

13  ... 

'4/6 

•06 

•14 

•06 

129 

98-00 

>» 

14  ... 

•48 

•06 

•11 

■05 

140 

97-90 

l» 

15  ... 

•44 

•06 

•11 

•05 

1-46 

97-88 

» 

16  ... 

•47 

•06 

•09 

•06 

1*46 

97-89 

»> 

17  ... 

•48 

•07 

•10 

•05 

•90 

98-40 

•* 

18  ... 

•46 

•12 

•12 

•05 

1-07 

9818 

9» 

19  ... 

•44 

•10 

•12 

•05 

•82 

98-47 

91 

20  ... 

•42 

•02 

•10 

•05 

111 

98-30 

•450 


•066 


•095 


-054 


1-201 


98-185 


The  sum  of  the  silicon,  snlphnr,  and  phosphorus  is  only  •214  per 
cent.,  or  nearly  80  per  cent,  less  than  that  which  appears  in  the 
previoufi  table. 

In  selecting  pig  for  the  Bessemer  converter,  mannfactarers  hitherto 
have  had  two  objects  in  view — a  sufficiently  low  percentage  in  phos- 
phorus (under  -1  per  cent.),  as  not  to  impair  the  strength  of  the 


416  BEOTION  XIY. — ^REGENT  METHODS  OF  SEPABATIKG 

steel,  and  a  sniBicientlj  high  percentage  of  silicon  as  to  afford  tbe 
necessary  heat  required  during  the  blow. 

In  the  Basic  treatment  an  excessive  amount  of  silicon  is  acoompanied 
with  considerable  inconyenienoe ;  for  the  higher  it  is  in  quantity  tJie 
greater  is  the  proportion  of  lime  required  to  neutralise  it.  This 
however  is  by  no  means  the  most  serious  difficulty  entailed  by  die 
excessive  amount  of  lime  required  in  order  to  secure  the  removal  of 
the  phosphorus.  The  slag,  which  may  be  regarded  as  a  silico-phoeidiate 
of  lime  and  iron,  contains  such  an  excess  of  basic  matter  as  to  be  veiy 
infusible,  and  in  consequence  interferes  with  the  current  work  of  the 
converter  by  incrustations  which  gather  on  the  sides  and  particularij 
on  the  throat  of  the  vessel. 

The  idea,  which  seems  to  have  first  suggested  itself  to  the  manager 
of  the  Horde  works  of  replacing  the  silicon  by  phosphorus,  as  a  heat- 
evolving  medium,  has  been  attempted  in  practise  apparently  with  great 
success.  Mr.  Massenez  of  that  establishment  has  announced  that  by 
using  a  pig  iron  containing  only  2^  per  cent,  of  carbon  and  2  per 
cent,  of  phosphorus,  he  can  produce  steel  having  only  'OS  to  -06  of 
the  latter,  provided  the  silicon  in  the  pig  does  not  exceed  *5  per  cent 

These  considerations  have  now  led  to  the  frequent  use  of  white  or 
of  hard  grey  iron ;  since  these,  being  smelted  at  a  lower  temperature 
than  "  richer''  grey  metal,  contain  a  much  smaller  quantity  of  silioon. 
Although  it  has  been  occasionally  stated  that  the  reducing  of  the 
percentage  of  silicon  by  a  lowering  of  the  temperature  in  the  blast- 
fomace  is  accompanied  by  a  corresponding  reduction  in  the  phosphorus, 
such  has  not  been  my  own  experience.  This  is  of  importance  for  the 
reason  that  the  deficiency  of  the  heat  evolved  in  the  converter,  due  to 
suppressing,  not  only  the  silicon  but  some  of  the  carbon,  has  to  be 
made  up,  as  described  above,  by  heat  due  to  the  oxidation  of  phos- 
phorus. 

Very  recently  some  white  iron  was  made  at  the  Clarence  works; 
and  the  following  figures  prove  that  there  has  been  no  diminution  in 
the  content  of  phosphorus : — 

Carbon  Silioon.  Sulphur.  Fho^phoma. 

aarence  grey  iron.  No.  4           ...     3*294  1'631  '072  1-480 

„                    „     3-606  1-363  -023  1*676 

White  iron,  made  9th  June,  1880    2*918  -578  '490  1*670 

„               10th        „      ...     3005  *630  '401  1*660 

„               11th        „      ...     3091  -700  *383  1*652 
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The  following  are  analyses  made  in  the  Clarence  laboratory  to 
aaoertain  the  extent  to  which  phosphorus  had  been  remoyed  from 
a  sample  of  white  iron  blown  at  Hdrde.  The  operation  was  performed 
in  the  presence  of  my  son,  Mr.  T.  Hugh  Bell,  and  Mr.  Thompson  the 
manager  of  the  Clarence  works.  Through  the  courtesy  of  my  friend 
M.  MasseneZy  the  necessary  samples  were  brought  away  by  these 
gentlemen.    They  contained : — 


Carbon 

SUicon 

Snlphnr 

PhosphoroB 

Manganese 

Of  course  what  has  to  be  dreaded  in  white  pig  iron  is  the  excess  of 
solphur,  which  a  metal  of  this  class  generally  absorbs  in  the  blast 
iiimace.  Now  in  the  present  case,  although  this  substance  is  found 
in  the  pig  to  the  extent  of  *307  per  cent.,  it  has  been  removed  in  this 
particular  steel  to  the  extent  of  78  per  cent,  of  its  original  quantity: 
and  the  proportion  compares  favourably  with  steel  made  from  ordinary 
hematifce  pig. 

The  following  three  sets  of  analyses,  made  on  the  pig  and  on  the 
metal  before  the  addition  of  the  spiegel,  apply  to  three  other  charges 
blown  on  the  Basic  system: — 


White  Iron  obtefnad 

by  re-meliliic 
Onr and  WhitoPlf. 

2-923     

StMlBar 
after  addition 
of  SpieffoL 

•171 

-710     

•016 

-307    

•086 

1-649    

•071 

-574    

•732 

Carbon 

SiUoon 

Sulphnr 

PhoephoruB 

Manganese 


Bxperlment  ITo.  1. 
Piff  Iron.  Blown  MetaL 

2-68         -040 


1-08 

•22 

104 

1-36 


•006 
•140 
•046 
•370 


Experiment  No.  S. 
Pig  Iron.  Blown  MetftL 

•081 


2-82 
•46 
•16 
•96 

1-04 


E 

Pig 


•09 
•05 

•029 


2^73 
•72 
•26 

lot 

1-27 


ent  No.  3. 
m.  Blown  MetaL 

•07 


•004 
•12 
•06 
•19 


The  average  composition  of  these  three  charges  therefore  appears 


to  be: — 


Carbon  ... 
Silicon  ... 
Snlpbnr  ... 
Phospboms 
Manganese 

Total 


Pig  Iron. 
2710 

760 

•210 

1-013 

1220 

6,903 


Blown  HetaL 
•063 

•003 

•116 

•052 

•196 

•430 


ATerage  Percentage. 
BemoTed.^ 

97-68 
9960 
44-76 
94^86 
83-93 


92-72 


*  Tbese  percentages  and  some  of  the  subsequent  figures  may  perhaps  not  be 
strictly  correct,  because  the  charges  are  treated  as  being  all  pig ;  whereas  about 
22  per  cent,  of  "  scraps"  were  usedi  of  which  no  composition  is  pfiven. 


AA 
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The  times  required  for  blowing  were  as  under: — 


Time  previous  to  overblow 
Duration  of  overblow 


Ezp.  1. 
(in.  Sm. 

Bxp.l 
lOn.  8e& 

Exp.  3. 
Mln-See. 

▲vet 

Mill. 

IE 

11     46 

14    0 

12     0 

12 

35 

1     56 

2    5 

2     0 

2 

0 

13    40 

16    6 

14    0 

14 

S6 

In  order  to  ascertain  the  quantity  of  heat  developed  during  a  blow 
in  the  converter,  the  loss  of  each  substance  by  combustion^  and  the 
extent,  as  near  as  possible,  to  which  oxidation  is  carried,  most  be 
ascertained. 

The  heat  evolved  by  the  carbon  depends  of  course  on  the  lelatiTe 
quantities  of  carbonic  oxide  and  carbonic  acid  generated  during  its 
combustion.  These  vary  at  different  periods  of  the  blow;  but,  guided 
by  the  researches  of  Snelus  and  Tamm,  I  have  assumed  that  the 
carbon  is  burnt  off,  at  the  rate  and  in  the  manner  set  forth  in  the  taUe 
given  below,  in  which  the  combustion  is  divided  into  seven  periods 
of  two  minutes  each : — 

Partoda-Komber  of  Period.  12  3  4  6  6  7 

Carbon  burnt        6%    I2rb%12%  13*8%  16*596 19*896  21*696  »=100 

Percentage  of  CO,  vols.    ...  100        68        64  38        15  7  4 

»  CO      „      ...  —        32        36  62        85        98        96 

^"^^^rP  ^^"^"^^  !!^l  8*000   6,208  6,984  4,528   3,240   2,792   2,624 

From  these  figures  4,144  calories  appear  to  be  the  heat  equivalent 
of  each  unit  of  carbon  burnt ;  which  may  therefore  be  taken  at  4,150. 

The  iron,  which  leaves  the  converter  in  the  form  of  dense  brown 
fumes  during  the  overblow,  I  have  calculated  as  escaping  in  the  form 
of  magnetic  oxide,  %.e.  one  equivalent  each  of  Fe  0  and  Fe,  0,.  In 
the  slag  the  iron  is  chiefly  found  as  protoxide  with  varying  quantities 
of  peroxide.  In  an  elaborate  paper  by  Mr.  Jos.  Massenez^  of  Horde, 
100  parts  of  slag  are  stated  to  have  contained,  at  different  periods  of 
the  blow,  the  following  quantities  of  the  two  oxides  of  iron : — 


MID.  anar  commimcw- 
ment  of  blow. 

2 

4i 

6i 

9 

101 

11* 

m 

Protoxide  of  iron... 

4-21 

4-84 

6*77 

413 

5-97 

11-68 

9*42 

Peroxide  of  iron  ... 

•14 

•50 

1-62 

2-00 

2-57 

3-52 

1*61 

Equal  to  Fe...     3  38      411       641       4-61      6*28      11*46      8*44 

*  Dephospborizing  in  the  converter  by  J.  Massenez,  Hdrde.    Trans.  Iron  ftiid 
Steel  Inst.,  1880,  p.  475. 
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Another  sample  contained : — 


FeO 
Fe.  O. 


•  •• 


2 

4*21 
•80 


4 
3-69 

•eo 


6 
3-24 

118 


8 
2-90 

1-81 


9i 
5*42 
2*54 


lOf      111 
4-46    11-21 
•57      2« 


IIH      1^ 

12-27      8-58 

4-94      3-81 


KqualtoFe...    3-88      330      3*35      8-52      6O0      4*85    10-14    18-01      9*84 

To   avoid  complication,  the  heat-eqnivalent  of  the  iron  is  taken 
xmiformly  at  1,582  calories. 

Mr.  Maasenez  gives  the  average  composition  of  the  slags  from  four 
charges  of  steel  at  the  end  of  the  blow,  as  follows : — 


Siiicft      ... 

11-46 

PhMpboric  aeid 

.  \ 

9-88 

Total  acids     .. 

2109 

Alnmina 

2-50 

L«11II6        ...          ... 

49-57 

Magneda           

7-69 

Sulphide  of  calcium 

1-72 

Protoxide  of  iron 

8-87 

Peroxide  of  iron 

2-48 

Protoxide  of  manganese 

6-88 

-  6-89 

-  1-78 


} 


8-62  Fe. 


100-25 


The  weight  of  slag  was  equal  to  19'3  per  cent,  of  the  charge 
naed,  or  23'6  per  cent,  on  the  steel  prodaced :  eqnal  therefore  to  4*72 
•cwts.  per  ton  of  steel. 

The  actual  weight  of  slag  from  five  blows  was  8,795  kilogrammes, 
which,  according  to  the  above  composition,  would  contain  2,178 
kilogrammes  of  lime  and  magnesia.  The  calcareous  matter  used  is 
given  at  8,400  kilogrammes  so  that  the  caustic  lime,  as  usually  happens, 
must  have  contained  a  considerable  quantity  of  carbonic  acid. 

The  composition  of  the  materials  used  was  as  follows : — 

O.  SL  8.         p.  Mn.  Fe. 

Fig  iron,  |  white,  i grey, average  288  0*66  -29    1*28  -52  94*42      •»  100 

Bteel        -234  —  -078     022  522  99-140    -  100 

Spiegel     4-01  67  —       21  11-25  83-86*    -  100 

Steel  prodaced -234  —  -073    -022  522  99149*  -  100 


'  IncludeH  a  little  copper. 
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Prodaoe  of  steel  81*52  per  oent,  or  100  parts  of  steel  equal  U> 
122'7»  or,  say  128  of  the  mixture. 

The  following  table  exhibits  the  weight  of  the  sabstances  which 
are  expelled  during  the  blow : — 


PSgiron  ... 

•  •  • 

100 

•■* 

0. 
2*830 

SL 
0-660 

s. 
•290 

P. 
1-280 

Mn. 
•520 

fie. 
94*420 

Steel  scrap 

•  f  • 

13 

... 

*080 

— 

•009 

•003 

•068 

12^90 

Spiegel    ... 

■  •• 

10 

... 

•401 

•067 

— 

•021 

1125 

8-3BS 

ateel 


123  8-261 

100  contuns       '284 


•727    *299    1-304    1-713    115-696 
—     -078      ^022      ^522      99-14» 


Composition  of  the  23  parts ) 
which  have  disappeared  >-  ) 


3-027      -727    -226    1282    1191       16-517 


The  heat  evolved  is  thus  estimated: — 

Carbon 

Silicon 

Sulphur* 

Phosphorus 

Manganese 

Iron 


Calories. 

Oaloriea 

3-027 

X 

4,150 

=■ 

12,562 

•727 

X 

7,880 

- 

5,692-4 

•226 

X 

Nil, 

- 

ITiL 

1^282 

X 

5,868 

- 

7,5227 

1191 

X 

1 

1,724 

- 

2,053*2 

16-547 

X 

1,582 

^ 

26,177-3 
54,007*6 

23- 

Sinoe  the  period  at  which  the  sample  was  taken  the  pig  employed 
is  white  and  contains  per  cent.: — C  2-76  to  8;  Si  '01  to  -08;  S  '01; 
P  2-5  to  8;  Mn  2-5. 

The  loss  in  blowing  is  16  per  cent.  i.e.  120  parts  of  it  and  spieget 
are  required  per  ton  of  steel. 

The  composition  of  the  slag  is: — 


i^iimiv  •••  •••  ••• 

Phosphoric  acid 

Total  acids 
Alumina    ... 
Lime 

Ma^esia   ... 
Sulphide  of  calcium 

Protoxide  of  iron 

Peroxide  of  iron 

Protoxide  of  Manganese ... 


5-08 
19*46 

24-49 
2*50 

49-27 
5-92 
213 

10-15 
1*85 
4*36 

100*67 


^  The  chief  part  of  the  sulphur  being  found  in  the  slag  as  sulphide  ol  csicliiD 
no  credit  is  given  for  any  heat  by  its  removal. 
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Another  mannf acturer  gave  me  the  following  as  an  approximate 
4X>nsamption  of  material  per  100  of  steel: — 
Composition  of  materials: — 


Bane  pig  iron     ... 
Hematite  pig 
Spiegel    

Elements  in  120  of  material: — 


O.  8L  8.         p.       Mb.  Fa. 

3-50  1-50  '12  1-76    1*00  9218 

4*00  2-60  —        -06     —  98*46 

4-00  1-00  —         —  20-00  76-00 


100 
100 
100 


pig  iron 
Hematite  pig 
Spiegel 

Steel 


110  -  8-860  1-660  132  1926  1100  101-848 
6  -  -200  126  —  -003  —  4*672 
6  -  -200  -060  —    —  1-000   8-760 


120 
100 


4-260  1-826    -132  1-928  2100  109*766 
'460    -010    -060    -066  1200    98*226 


Sabttancet  expelled     20  -  8*800  1-816    -072  1-873    -900    11-640 


Heat  evolved: — 


Carbon 
Silicon 
Sulphur 
Pbosphonu   .. 
Manganeie    .. 
Iron   ... 


Odflrtofl. 

C»kari«i. 

3-800 

X 

4,160 

- 

16,770-0 

1*816 

X 

7,830 

- 

14,211-4 

•072 

X 

NiL 

- 

Nil. 

1-873 

X 

6,868 

- 

10,9907 

•900 

X 

1,724 

- 

1,661-6 

11*640 

X 

1,662 

« 

18,266-2 

20* 


60,779-9 


The  loss  in  this  ease  was  named  as  being  the  ontside^  117  of  pig^ 
«tc.,  being  considered  as  a  practicable  amount,  for  the  production  of 
100  of  steel.  This  alteration  would  reduce  the  heat  evolved  to  about 
J^lfiW  calories. 

To  contrast  the  heat  required  in  the  Basic  process,  as  compared 
with  the  Acid  process,  we  will  assume  in  the  latter  an  average  con- 
sumption of  112*5  units  of  pig  to  be  needed  per  100  of  ingots:  the 
pig  consisting  of  105  units  of  hematite  pig  and  7^  of  spiegel. 

The  composition  of  the  materials  employed  and  steel  made  may  be 
taken  as  follows: — 

a  SL        8.  p.      Mb.  ¥9. 

Hematite  pig      ...  4-000  2*600  -026      -060  0-600    92-916  -  100 

Spegel    4-600    -760  —        —  18000    76-760  -  100 


fiteel 


•460    -100  -020      -060  I'llO    98-260  -  100 
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Hence  the  elements  in  112*5  units  of  materials  wonld  consist  of:— 


Fig  iron  ... 
Spiegel    ... 


Steel 


C.         81.        S.  P.        Mn.         Fe 

...105'     «  4-200  2-626  -026      -063     •526    97-661 
...      7-5  -     -387    -056  —         —    1-860      6-766 


112-5   -  4-5S8  2-681  *026      «063  1-876  103-817 
...  100'     -     '460    -100  -020      -060  1110    96*260 


Dinppearedduring 

Uow  ...     12-6  -  4-068  2-681  -006      -003    -766      6-057 


The  heat  evolved  is  computed  to  be  as  follows: — 

Oalorieft. 
Carbon  

Klicon 

Snlplinr  ...        ... 

FhosplioniB  ...         ... 

Manganese 

XfvU      •••  •••  •«■  «•■ 


4-068 

X 

4,160 

-     16,966-2 

2-681 

X 

7,880 

»     20,209-2 

-006 

X 

Nil. 

NIL 

-008 

X 

5,868 

17« 

•766 

X 

1,724 

=       1,818-8 

6-057 

X 

1,582 

-      8,000-1 

12-600 

46^10-9 

Bj  estimate  the  slag  from  the  oxidized  materials  should  weigh 
about  11*52  units,  equal  therefore  to  2*80  cwts.  per  ton  of  steel  ingots. 

Such  calculations  as  those  just  given,  where  applied  to  the  blast 
furnace,  give  results,  as  to  the  sum  of  the  heat  evolved  and  appro- 
priated,  which  correspond,  as  has  been  demonstrated  at  the  proper 
place,  very  closely  with  each  other.  In  the  case  of  intense  temperatures^ 
like  those  which  obtain  in  the  Bessemer  converter,  the  problem  is  a 
more  difficult  one.  On  the  assumption  that  the  liquid  steel  has  a 
temperature  of  2,000°  0.  (3,682°  F.)  and  the  melted  pig  iron  1,200^  0. 
(2,192^  F.),  and  that  the  gases  are  given  off  at  an  average  temperatore 
of  1,600°  C.  (2,912°  F.),  we  obtain,  for  the  heat  absorbed,  the  following 
results  per  100  units  of  steel  in  the  case  of  the  Horde  blow,  p.  420:— 

Caloriet. 

2,000     X     -26      Sp.  heat     -  50,000 

2,000     X     -22  „  >-   10,884 

1,600     X     -216         „  -     1,188 

1,600     X     •246         „  -     1,908  21^666 

1,600     X     *243         „  -   18,469 

81,989 


100 

anits  of  steel 

X 

28-6 

9t 

dag 

X 

8-44 

»» 

CO, 

X 

4-87 

tt 

CO 

X 

48-00 

»* 

N 

X 

i 
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To  supply  this  heat  we  have: — 

Irt. — ^That  evolved  as  calcolated  from  the  results  given  by 

Mr.  Massenez,  viz 54,007 

2nd. — ^Thatbroaght  in  by  123  of  melted  pig  iron 

128  X  1,200P  X  •22flp.  heat         32,472 

3id.— That  brooght  in  by  6184  blast  x  37*5''  C.  x 

'237  sp.  heat  549 

83.021 


87/»8 
Snm  of  heat  estimated  to  be  absorbed     81,989 


Difference    ...         ...         ...         ...         ...         ...       5|069 


Although  the  two  sides  of  the  amoant  agree  pretty  closely,  I  am  not 
able  to  claim  absolute  correctness  for  the  statement;  because  we  are 
not  in  possession  of  very  exact  data  as  to  the  specific  heat  of  bodies  at 
such  high  temperatures  as  those  with  which  we  are  dealing.  One 
thing  however  seems  pretty  certain,  viz.,  that  the  heat  evolved  by 
substances  other  tnan  iron  would  of  themselves  not  sufBce,  in  the 
Basic  treatment,  to  raise  the  temperature  of  the  bath  to  the  required 
point;  for  it  will  be  perceived  that,  in  this  particular  case,  no  less  than 
26,177  calories,  or  nearly  one-half  of  the  whole  are  due  to  the  oxidation 
of  the  iron.  Under  no  circumstances  can  iron  be  regarded  as  an 
economical  source  of  fuel,  as  we  may  see  by  comparing  the  calories 
developed  in  burning  off  that  portion  of  the  constituents  of  pig  iron 
which  disappears  in  the  converter.  Of  all  these  constituents  silicon  is 
the  best,  and  iron  the  worst.  Adopting  the  former  as  a  standard,  and 
calling  it  unity,  we  have  the  following  heat-values  for  the  other 
bodies: — 


SiUoon. 

Pbo«i>honui. 

Oftrbon.* 

Maoganeae. 

Lnon. 

Sulphur. 

100 

...         75 

60 

...         22         ... 

20 

31 

To  obtain  the  effectual  heat  produced  by  burning  these  substances, 
a  deduction  must  be  made  to  cover  that  carried  off  by  the  nitrogen  of 
the  blast  and  by  the  gaseous  products  of  combustion.  Thus  corrected 
the  figures  stand  thu8^— 

SUleoD.  FlM)C|)lioras.  OwboiL  Myngunnme.  Iron.  Sulphur. 

100        ...        66        ...         14        ...        21        ...        17        ...        12 

*  Ab  burnt  in  the  converter  to  CO  and  CO.* 
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A  reference  to  the  appropriation  of  the  heat  evolved  in  the 
operation  will  show  that  out  of  81,989  calories  no  less  than  21,555 
calories  are  carried  off  in  the  gases,  which  rush  with  characteristic 
violence  from  the  converter. 

The  escape  of  heat,  from  this  cause,  is  of  course  unavoidable;  and 
to  supply  the  waste,  as  well  as  to  maintain  a  high  temperature  in  the 
bath  of  metal,  the  expenditure  of  a  considerable  quantity  of  com- 
bustible is  indispensable.  As  a  source  of  heat  phosphorus  stands  nezt- 
to  silicon,  and  by  returning  the  cinder  from  the  Basic  process  to  the 
blast  furnace  pig  containing  as  much  as  8  or  4  per  cent,  of  phosphoms 
has  been  obtained  for  use  in  the  converter.  If  however  oxide  of  iron 
is  needed  for  acidifying  this  element  it  is  probable,  irrespective  of  any 
question  appertaining  to  heat,  that  any  addition  to  its  quantity  means 
an  extended  period  of  overblow  to  rid  the  steel  of  its  presence. 

In  regard  to  the  temperature  at  which  the  blow  is  effected.  Pro- 
fessor Akerman  states,^  that  the  greater  the  heat,  the  closer  and  more 
homogeneous,  as  a  rule,  the  metal  will  be:  besides  which  the  danger 
of  its  becoming  red-short  is  proportionately  dimished.  He  adds  it  is 
not  improbable  that  the  brittleness,  which  at  times  charact^ises 
Bessemer  metal,  stands  in  some  relation  to  a  deficiency  of  heat  during 
the  process.  Lastly,  he  considers  that  a  good  heat  in  the  contents  of 
the  converter  prevents  waste,  by  avoiding  the  formation  of  scull,  and 
by  preventing  so  much  steel  being  scattered  by  the  blast  as  takes 
place  when  the  metal  becomes  sluggish  through  cooling. 

The  Basic  treatment  of  phosphoriferous  pig  in  the  converter  has  now 
been  before  the  world  for  a  sufficiently  long  time  to  enable  us  to  judge 
of  its  future.  In  the  year  1880,  upon  the  occasion  of  a  discussion  on 
a  paper  read  by  M.  Jos.  Massenez  at  Diisseldorf,^  Bitter  v.  Tunner 
spoke  of  the  economical  view  of  the  question  being  the  weak  side  of 
the  Basic  process.  According  to  the  data  he  had  collected,  the  cost  of 
the  Basic  process  exceeds  that  of  the  Acid  process  by  12s.  6d.  to  IGs. 
€d.  per  ton.  In  a  Seport  prepared  by  the  same  learned  authority  for 
the  Iron  Masters  Union  of  Styria  and  Oarinthia,'  it  is  stated  that  the 

'  On  the  generation  of  heat  daring  the  Bessemer  process.  Trans.  Iron  and  Steel 
Inst,  1872,  p.  110. 

'  Zeitschrif  t  der  Berg  and  Hfltten  Kunde,  1880,  Nos.  5  and  6. 

*  Trans.  Iron  and  Steel  Inst,  1880,  p.  296. 
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'OOBt  of  Bessemer  hematite  iron  in  Westphalia  is  668.  per  ton,  while  that 
of  phosphoric  pig  is  only  458.,  showing  therefore  a  difference  of  21s.  per 
ton  in  the  cost  of  the  cnide  iron.  At  the  same  time  it  is  stated,  with 
pig  iron  at  these  prices,  that  the  cost  of  a  ton  of  ingots  made  by  the 
Basic  process  cost  15s.  8*28d.  less  than  ingots  made  by  the  Acid 
process. 

The  basis  npon  which  this  last  estimate  is  framed  supposes  the 
iron  in  the  Acid  process  to  be  used  direct  from  the  blast  furnace, 
while  that  for  the  Basic  process  is  remelted.  Exclusive  of  waste 
of  iron,  this  probably  means  a  difference  of  2s.  6d.  to  88.  per  ton. 
Taking  it  at  28.  8'22d.  we  have  the  extra  cost  in  the  case  of  the 
Basic  process  (both  using  the  metal  direct)  standing  at  ISs.  per  ton 
of  ingots. 

In  a  paper  by  Messrs  Thomas  and  Gilchrist,  read  before  the  Society 
of  Arts,  about  two  years  subsequent  to  the  investigations  of  Bitter  v. 
Tunner,  viz.,  in  April,  1882,  the  cost  for  extra  labour,  Basic  linings, 
and  lime  added  in  the  converter  is  given  at  68.  6d.  to  78.  on  the  ton 
of  steel  made.  Although  the  waste  of  iron  exceeds  in  weight  that 
incurred  in  the  Acid  process,  the  actual  expense  for  this  item  is 
something  less  on  the  Basic  process  than  in  the  other,  arising  from 
the  lower  cost  per  ton  of  the  pig  iron  employed. 

As  already  stated,  the  chemical  composition  as  well  as  the  power  of 
resisting  the  blow  of  a  falling  weight,  in  the  case  of  steel  rails  made 
by  the  Basic  process,  prepares  us  for  the  expectation  that  they  are,  in 
•Qvery  respect,  equal  in  quality  to  those  produced  from  the  best 
hematite  pig  iron  by  the  Acid  process. 

The  North-Eastem  Railway  Company  have  during  the  last  four 
years  received  upwards  of  87,000  tons  of  rails  made  by  this  method 
at  the  Eston  Works  of  Messrs.  Bolckow,  Yaughan,  &  Go.  Both  in 
places  of  ordinary  wear,  and  on  curves  where  faulty  rails  soon  give 
way,  the  deliveries  made  by  this  firm  have,  so  far,  fully  realized  the 
hopes  entertained  of  their  quaUty. 

More  than  once  in  the  present  work  reference  has  been  made  to 
the  very  valuable  service  rendered  to  the  metallurgy  of  iron  by  the 
■admirable  fiimace  of  Dr.  now  Sir  William  Siemens  and  his  brother. 
That  heat  which  in  an  ordinary  reverberatory  furnace  escapes  into  the 
chimney  and,  so  far  as  its  own  work  is  concerned  is  so  much  loss,  is 
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returned  to  the  hearth  by  means  of  the  atmospheric  air  and  gaseoDs 
fuel  employed  as  the  source  of  heat.  This  economy  of  combustible 
although  important,  is  less  so  than  the  intensity  of  the  heat,  com- 
manded by  the  general  arrangement  of  the  apparatus;  for  we  are,  by 
it43  help,  enabled  to  fuse  steel  and  even  wrought  iron  with  the  utmost 
ease. 

The  idea  of  melting  wrought  and  pig  iron  in  such  proportioDS  as 
to  afford  steel  is  a  very  old  one,  first  suggested  I  believe  by  B&umuir 
above  150  years  ago.  In  recent  times  comparatively,  viz.,  40  yean 
ago,  I  assisted  the  late  Josiah  Marshall  Heath  in  making  cmcible 
steel  at  the  Walker  Iron  Works  by  this  method.  This  process  would 
doubtless  have  been  a  commercial  success,  if  we  had  been  acquainted 
with  the  resources  of  the  Siemens  furnace.  The  application  of  this 
invention  to  such  a  purpose  as  that  in  question  is  so  obvious,  that  its 
aid  was  speedily  brought  into  requisition  in  what  is  now  generally 
known  as  the  Siemens-Martin  or  open-hearth  process. 

After  the  meeting  of  the  Iron  and  Steel  Institute  held  at  Yiemui 
in  1882,  its  members  were  permitted  by  the  Directors  of  the  Southern 
Railway  of  Austria  to  examine  their  establishment  at  Gratz^  conducted 
exclusively  on  the  Siemens-Martin  system  under  the  very  excellent 
management  of  M.  E^rochaska. 

The  works  have  a  certain  historical  interest,  for  they  were  among 
the  earliest,  if  indeed  they  were  not  actually  the  first,  put  down  in 
Austria,  for  the  manufacture  of  steel  rails.  In  1864,  when  I  visited 
the  place,  they  were  already  making  the  rails  they  required  of 
Bessemer  steel,  under  the  management  of  Mr.  Hall,  a  native  of 
Newcastle-on-Tyne.  A  pile  was  made  of  the  worn-out  Vignoles 
iron  rails>  and  a  hammered  steel  ingot  served  to  form  the  head  of  the 
new  rail. 

In  the  meantime  the  Siemens-Martin  process  was  being  developed,, 
and  as  the  native  iron  used  in  the  manufi&cture  of  the  iron  rails,  as  well 
as  the  pig  iron  of  Styria  and  Carinthia,  were  sufficiently  free  from 
phosphorus  to  permit  their  use  in  the  manufacture  of  steel,  the  Bes- 
semer plant  was  discontinued,  and  the  open-hearth  mode  of  manufacture 
introduced  in  its  room. 

The  fuel  used  in  the  gas  producers  is  the  brown  coal  of  Leoben. 
No  blowing  machinery  being  required,  the  boiler  fuel  consumed  in  the 
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Bessemer  procefis  is  not  needed  in  that  of  the  open-hearth.  Making 
allowance  for  this  something  like  5  or  6  cwts.  more  coal  is  burnt  in  the 
latter  operation  than  in  the  former;  which,  together  with  additional 
labour,  places  it  at  a  disadvantage,  in  these  items,  of  about  lOs.  per 
ton  of  ingots  as  compared  with  the  converter.  The  open-hearth  pro- 
cess, as  conducted  at  Gratz  and  elsewhere,  has  on  the  other  hand  the 
advanti^e  of  the  waste  of  iron  being  onlj  about  one-third  of  that 
incurred  in  blowing  pig  iron.  This,  together  with  the  relative 
local  values  of  old  iron  rails  and  pig  iron,  afford  so  great  a  margin 
in  &vour  of  the  Siemens-Martin  mode  of  manufacture  that  the 
Southern  Bailwaj  Company  found  it  greatly  in  their  interests  to 
remove  their  Bessemer  plant  and  to  erect  Siemens'  furnaces  in  its 
room. 

A  similar  plan  of  using  old  iron  rails  of  British  make  was  adopted 
in  South  Wales  and  probably  elsewhere.  In  this  case  however  the  old 
material  contained  so  much  phosphorus  that  when  mixed  with  hematite 
pig  the  resulting  rails  often  contained  *2  per  cent,  or  even  more  of  this 
substance.  It  is  well  known  that  finished  rails  with  this  quantity 
of  phosphorus  are  apt  to  be  brittle.  Whatever  the  cause  may  be,  the 
use  of  old  iron  rails  of  native  manufacture,  as  a  material  for  producing 
steel  rails,  has,  I  believe,  been  entirely  discontinued  in  the  United 
Kingdom. 

An  ordinary  charge  consisted  of  60  per  cent,  of  old  Welsh  rails  and 
40  per  cent,  of  hematite  pig.  The  former  contained  '88  to  '40  per 
cent,  of  phosphorus  and  the  latter  '07.  The  average  of  this  mixture 
was  therefore  about  *268  per  cent,  phosphorus;  and  the  rails  were 
given  me  as  containing  actually  from  *20  to  '26  per  cent,  of  this  sub- 
stance and  *20  of  carbon.  If  to  these  '10  for  silicon  and  '075  for  sulphur 
are  added  we  have  a  total  of  '615  per  cent,  for  the  four  metalloids  as 
against  '780  per  cent,  and  '664  per  cent,  given  at  pages  414  and  415 
for  Bessemer  steel.  The  manganese  in  the  steel  made  from  old  iron 
nuls  and  hematite  pig  was  only  '547  per  cent,  against  1*178  and  1'201 
in  the  Bessemer  steel. 

With  regard  to  the  strength  of  a  rail  containing  such  a  quantity  of 
phosphorus  as  that  just  named,  a  common  test  to  which  an  iron  rail  is 
exposed  is  that  of  a  weight  of  1,800  lbs.  falling  4  feet,  but  a  rail  made 
from  Cleveland  pig  having  the  composition  given  below  was  subjected 
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to  three  blows  from  a  weight  of  2,254  lbs.  with  a  &11  of  2  feet,  8  feet^ 
and  4  feet  respectively,  withont  being  broken.  The  total  deflection 
was  §  inch.    The  raU  contained: — 

Carbon  ...  ...  ...  ...  ...  •176 

Silicon  ...  ...  ...  ...  ...  trace 

Sulphnr...  ...  ...  ...  ...  ^raoe 

Phosphoros  ...  ...  ...  ...  '216 


•891 
Manganese  ...  ...  ...  ...  'IdO 

Iron  by  difference  ...  ...  ...        99*469 

100*000 


Reference  has  already  been  made  in  the  present  section  to  the  fact 
that  phosphoras  is  always  to  be  fonnd  in  an  iron  rail  to  an  extent  whidi 
wonld  be  fatal  to  the  nse  of  a  steel  rail.  Of  course  the  difference  of 
the  conditions  between  the  two  cases  most  not  be  lost  sight  of.  A&  may 
be  seen  at  pages  414  and  415,  Bessemer  steel  rails  contain  of  manganese 
and  the  four  metalloids  (G,  Si,  S  and  P)  nearly  2  per  cent,  of  their 
weight;  whereas  an  iron  rail  rarely  contains  one-half  this  qnantity,  and 
of  this  a  certain  proportion  is  to  be  found  only  mechanically  blended 
with  the  iron,  in  the  form  of  cinder,  and  not  therefore  affecting  its 
quality  in  the  same  way  as  if  it  were  chemically  combined.  The 
following  analyses  exhibit  the  composition  of  some  iron  rails  made  from 
Cleveland  iron,  and  received  by  the  North-Eastem  Railway  Company  >— 

Itod. 


•10 

•16 

•07 

•67 

•07 

96*98 

•06 

•16 

•04 

•61 

— 

99-19 

•07 

•22 

•06 

•46 

•11 

99-07 

•07 

•16 

•06 

•48 

— 

99*29 

•17 

•20 

•08 

•42 

•06 

99-18 

•06 

•16 

•06 

•40 

•06 

99-26 

•06 

•16 

•04 

•40 

— 

99-80 

•10 

•20 

•04 

•81 

— 

9986 

•06 

•17 

•08 

•29 

— 

99*46 

•06 

•19 

•06 

•28 

— 

99-42 

•06 

•10 
•174 

•02 
•046 

•28 
•400 

•028 

99*67 

Average  100  -  064 

99-261 
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These  considerations  render  it  not  improbable  that  in  the  future 

ihe  Siemens  furnace  may  form  a  much  more  important  adjunct  to 

every  large  steel  works  for  remelting  than  has  been  the  case  hitherto. 

Up  to  this  timCy  no  quantity  of  old  steel  rails  worthy  of  notice  has 

been  returned  to  the  hands  of  the  manufacturer;  but  in  a  few  years 

there  will  be  a  great  change  in  this  respect^  because  then  the  railway 

companies  will  be  lifting  annually  a  great  weight  of  worn-out  material 

from  their  permanent  way.    It  is  very  possible  by  that  time  that  the 

old  raild  thus  thrown  on  to  the  market  may,  to  some  extent,  be  simply 

reheated  in  an  ordinary  reverberatory  furnace  and  rolled  into  steel, 

to  be  used  for  purposes  for  which  malleable  iron  is  now  frequently 

employed.    When  the  market  is  more  plentifully  supplied  with  old 

steel  rails  than  has  hitherto  obtained,  it  may  well  happen  that  at  the 

price  they  will  command  this  old  matei*ial  will  be  remelted  in  the 

Siemens  furnace  to  be  rerolled  into  railway  bars.    By  that  time  also 

it  is  pretty  certain  that  the  use  of  mild  steel  or  "ingot  iron"  will  have 

largely  superseded  the  use  of  "welded  iron;"  and  the  demand  for  the 

former  will  be  conveniently  supplied  by  fusing  old  steel  rails  with  a 

small  quantity  of  ore  on  the  plan  first  practised  with  pig  iron  by 

Sir  W.  Siemens,  at  Landore. 

It  may  be  interesting  to  consider  the  effect  on  the  market  between 
returning  iron  rails  having  an  average  life  of  ten  years  and  steel  rails 
having  a  life  of  twenty  years. 

If  we  assume  new  rails  to  be  exclusively  manufectured  from  old 
rails,  of  which  one-third  for  tops  and  bottoms  of  the  pile  consists  of 
No.  2  bars,  about  22^  to  23  cwts.  would  be  consumed  for  each  ton  of 
new  rails  produced.  If  in  addition  to  this  the  iron  rail  lost  7^  per 
cent,  of  its  weight  while  in  use,  we  may  consider  each  ton  of  new 
rail  to  be  represented  by  24  J  to  24|  cwts.  of  rail  as  originally  laid  down 
—or  an  approximate  waste  of  18^  per  cent.,  spread  over  ten  years, 
equal  therefore  to  1*85  per  cent,  per  annum. 

In  the  case  of  a  steel  rail,  we  may  regard  the  remelting  to  be 
accompanied  by  a  loss  of  3  per  cent.,  and  the  subsequent  reheating  by 
a  further  loss  of  6  per  cent.  To  this  has  to  be  added  the  waste  from 
abrasion,  which  we  have  assumed  to  amount  to  20  per  cent.  With 
these  factors  as  a  basis  of  computation,  I  estimate  the  loss  upon  the 
original  weight  of  rail  laid  down  at  about  25  per  cent.,  equivalent,  over 
twenty  years,  to  1^  per  cent,  per  annum. 


430  SECTION  XIV. — EBCBNT  MBTTHODS  OF  SEPABATHra 

There  is  however  this  difference  to  the  owner  of  a  roUing-mill,  that 
whereas,  in  the  case  of  the  iron  rails,  he  would  be  called  upon  to  re- 
manufacture  10  |)er  cent,  of  the  rails  in  each  year,  the  steel-mill  owner 
will  only  be  required  to  work  up  5  per  cent,  of  the  rails  in  use  dnring 
the  same  period. 

My  friend  Mr.  T.  E.  Harrison,  the  experienced  Engineer  in  Chief 
of  the  North  Eastern  Bailway,  has  estimated  roughly  for  me  that  the 
weight  of  rails  laid  down  in  the  United  Kingdom  is  7,731,000  tons, 
this  means  773,100  tons  to  reroll  per  annum  were  iron  rails  exclusively 
in  use,  as  against  886,550  tons  were  our  lines  laid  with  steel  alone. 

In  this  computation  it  is  assumed  that  old  rails  in  each  case  are 
employed  exclusively  for  the  manufacture  of  new  rails.  This,  par- 
ticularly in  the  case  of  iron  rails,  would  not  happen;  but  it  is  un- 
necessary for  our  present  purpose  to  consider  the  question  with  greater 
minuteness. 

If  we  examine  the  composition  of  the  matenals  employed  in  the 
Siemens-Martin  mode  of  manufacturing  steel  rails  we  shall  see  that 
something  more  is  accomplished  than  mere  fusion,  and  that  all  the 
metalloids  have  been  more  or  less  reduced  in  point  of  quantity. 
Approximately  the  extent  to  which  this  is  done  is  as  follows : — 

c. 

GO  parts  of  iron  rails  contain "050 

40       „       hematite  pig  »,     1*600 

1*650        -204        -271        '246 
100       „       steel  rails       „     *230        '100        -076        '280 


Si. 

& 

P. 

104 

•270 

'240 

100 

•001 

•006 

Leaving  to  be  oxidised  in  thefamace  ..]'420        -104        -196        -016-total  1*736 

The  conditions  attending  the  treatment  of  the  molten  mass  in  the 
open  hearth  render  the  oxidation  of  the  metalloids  a  very  slow  process. 
The  metal  is  lying  for  the  most  part  undisturbed  in  the  furnace, 
hence  the  combustion  takes  place  on  the  surface  alone,  which  prevents 
more  than  two  charges  being  completed  in  the  24  hours,  giving  from 
16  to  20  tons  of  ingots,  according  to  the  size  of  the  furnace. 

The  existence  in  pig  iron,  of  6  to  7  per  cent,  of  powerful  reducing 
agents,  like  carbon  and  silicon^  naturally  suggests  the  idea  of  employ- 
ing them  to  reduce  oxide  of  iron,  instead  of  being  uselessly  consumed 
as  they  are  in  the  Siemens-Martin  process.  This  sound  principle, 
which  was  the  subject  of  a  patent  granted  to  Samuel  Lucas  in  1791 
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for  making  cracible  steely  has  been  most  successfully  introduced  and 
brought  to  great  perfection,  at  Sir  W,  Siemens'  works  at  Landore, 
near  Swansea.  The  pig  iron  is  melted  in  one  of  his  regenerative 
fomaces;  and,  when  at  a  full  heat,  iron  ore  as  free  &om  phos- 
phorus and  sulphur  as  possible  is  throwu  into  the  bath  of  metal. 
Yiolent  ebullition  ensues;  the  carbon  escapes  as  carbonic  oxide^  and 
the  silicon  as  silica  passes  into  the  slag,  together  with  a  part  of  the 
flulphur  and  it  may  be  a  minute  quantity  of  the  phosphorus. 

The  result  of  the  reaction  of  the  metalloids  on  the  ore  is  such  that 
it  is  not  uncommon  to  obtain  a  weight  of  steel  nearly  equal  to  that  of 
the  pig  iron  used.  In  one  case,  of  which  I  have  the  particulars,  the 
following  numbers  represent  the  nature  of  the  action  as  it  takes  place 
in  the  furnace  : — 

Tods. 
Actnal  weight  of  iron  (Fe)  in  the  pig  iron,  including  spiegel, 

ferromanganese,  etc.,  introdnced  into  the  fomace 331*92 

Aetoal  weight  of  iron  (Fe)  estimated  as  existing  in  the  steel . . .      343*58 

Iron  reduced  from  the  ore 11*61 


Toni. 
The  ore  used  was  58*14  tons  containing  55  per  cent,  of  iron  . . .  31*97 
Iron  in  the  pig,  etc.,  as  shove      33192 


Total        363*89 


The  actual  weight  of  iron  (Fe)  delivered  to  the  process  in  the  pig 
iron,  Spiegel,  scrap,  and  ore  together  being  368'89  tons,  and  that  con- 
tained in  the  steel  being  848*53  tons;  the  loss  of  iron  (Fe)  (20*86 
tons)  is  equal  to  5*58  per  cent.  The  pig  iron,  spiegel,  and  scrap 
weighed  855*7  tons,  so  that  reckoned  upon  the  steel  received  (849*2 
tons)  the  waste  amounts  to  about  2  per  cent. 

The  slag  obtained  is  highly  siliceous,  which  forbids  any  appreciable 
amount  of  phosphorus  being  removed  from  the  iron  during  the  process. 
The  following  is  an  analysis  of  a  specimen: — 


SUica  69-22 

Protoxide  of  iron     

Peroxide        „         

Protoxide  of  manganese     . . . 
Lime  •  •  • 

Phosphorus  ... 


^^n  -  iron  18-40 
3*43) 


3*06 

2-30 

trace. 


98*58 


482 
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I  have  always  been  impressed  with  the  advantages  in  point  of 
economy  of  which  this  so-called  ore  process  of  Landore  seems  to  be 
susceptible,  and  the  statistics  of  the  trade  would  indicate  its  growing 
importance.  Contrasting  its  production  with  that  of  the  Bessemer 
process,  we  have  the  following  figures : — 


Tean. 
1876 
1877 
1878 
1879 
1880 
1881 
1882 


Make  of 
Beasemer  Steri. 

400,000 
608,400 
633,733 
519,718 
739,910 
1,023,740 
1,235,785 


Main  of 
OpeD  Hearth  BtaeL^ 

128,000 

137,000 

175,500 

176,000 

251,000 

388,000 

436,000 


Increase  of  1882  over  1876     ...        209  per  cent.  240  per  cent. 

So  far  as  my  information  enables  me  to  judge,  78.  6d.  per  ton  wiH 
cover  in  Great  Britain,  the  expense  of  the  additional  labour  and  fad 
in  the  open-hearth  process  as  compared  with  the  Bessemer,  as  both 
are  carried  on  at  the  present  moment.  In  the  matter  of  iron  mat^ak 
employed,  taking  the  average  of  hematite  pig  iron  and  spiegel  as  used 
in  the  usual  proportions  at  54s.  and  ore  at  16s.,  we  have  the  following 
as  the  cost  per  100  tons  of  steel : — 

£       a.    d.       £    a.     <L 
112  of  pig  and  spiegel  at  548.  ...  302    8    0  =  3    0    5*76  per  ton  of  steeL 


102J 

Add  17  of  ore 


54s.  ...  276  15    0 

I6s.  ...    13  12    0     2  18    0-84 


»» 


Total 


£290    7    0     0    2    4-92  in  favour  of  the  ore  process 


This  calculation  shows  a  difference  (Ts.  6d.  —  2s.  5-76d.)  of  about 
58.  in  favour  of  the  Bessemer  process,  but  the  estimate  is  based  on  the 
Siemens  furnace  making  two  charges  in  the  24  hours.  Eeference  has 
been  akeady  made  to  the  tranquil  state  of  the  bath  of  metal  lying  on 
the  hearth,  being  not  very  favourable  for  the  oxidation  of  the  metal- 
loids. One  mode  of  endeavouring  to  meet  this  difficulty  consists  in 
blowing  steam  through  the  iron  by  means  of  a  pipe  plunged  below  the 
surface.    I  was  afforded,  by  the  courtesy  of  the  owners  of  the  Hone 


'  Report  of  the  Iron  Trade  Association,  1881  and  1882.     The  figures  include  the 
Siemens-Martin  steel,  but  in  it  ore  is  now  generally  added. 
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Nail  Works  in  London,  an  opportunity  of  examining  the  operation. 
The  pig  iron  treated  contained  4'53  per  cent,  of  carbon  and  1*02  of 
silicon.  By  the  time  the  iron  was  melted,  and  after  some  ore  had  been 
added,  the  carbon  stood  at  2*20  and  the  silicon  at  *087. 

The  following  table  shows  the  rate  of  the  disappearance  of  these 
elements,  after  conmienoing  to  inject  steam  into  the  bath,  and  after  a 
further  quantity  of  ore  has  been  added : — 


Metal 

OOD 

l».i««rl 

Oubon. 

SOloon. 

After  13  minutes 

blowing 

in  steam 

2-02 

•087 

28 

i> 

219 

•007 

48 

» 

211 

•007 

58 

n 

1-97 

•007 

78 

ft 

1-76 

•007 

88 

» 

1-66 

•007 

Rmflhed  steel  contained  after  addition 

of 

ferromanganese 

■  •  •                •  •  • 

» •  • 

•065 

•  •  • 

•021 

A  certain  amount  of  chemical  action  is  expected  to  be  exercised  by 
the  decomposition  of  the  steam,  but  against  this  has  to  be  set  the 
cooling  effect  its  introduction  is  sure  to  produce,  and  in  point  of  fact 
I  did  not  learn  that  the  operation  as  a  whole  was  materially  shortened. 

A  more  promising  modification  of  the  Siemens  furnace  for  the 
production  of  steel  is  that  known  as  the  Pemot  system.  In  it  the 
hearth  is  set  on  the  slope  and  is  made  to  revolve;  by  means  of  this 
movement  fresh  surfaces  are  continually  exposed  to  the  action  of  the 
ore  and  the  atmospheric  oxygen.  I  believe  that  it  is  to  the  enterprise  of 
the  managers  of  St.  diamond  near  St.  Etienne  that  we  are  indebted 
for  what  progress  has  been  made  in  this  new  development  of  the  open- 
hearth  process.  At  this  establishment  furnaces  capable  of  holding 
8  tons,  and  others  equal  to  25  tons,  are  employed;  and  appeared  on 
the  occasion  of  my  visit  to  be  working  very  satisfactorily.  Local 
circumstances  formed  the  reason  assigned  for  using  pig  iron  and 
scrap  steel  without  any  admixture  of  ore;  so  that  it  was  at  that  time 
an  adaptation  of  the  Pemot  fiimace  to  the  Siemens-Martin  process 
which  was  in  progress.  My  late  friend,  Alexander  L.  HoUey,  carefully 
examined  the  work  as  it  was  being  performed  at  the  St.  Chamond 
works,  and  in  a  paper  he  describes  its  action.^ 

The  average  duty  in  1877  over  four  weeks  was  8'27  charges  in 
twenty-four  hours  instead  of  two  charges  as  in  the  case  of  the  simple 

^ Trans.  American  Institute  of  Mining  Engineers,  1879,  Vol.  VII.,  p.  241. 
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regenerative  furnace  of  Siemens.  In  place  of  using  12  cwts.  of  ooal 
per  ton  of  ingots,  8  to  9  cwts.  sufficed.  In  the  year  1879  the  average 
number  of  charges  was  4*09  per  twenty-four  hours  and  the  coal  was 
less  than  8  cwte.  to  the  ton  of  ingots;  in  every  case  the  iron  and  scrap 
steel  being  charged  cold  into  the  preheating  chamber. 

Opinions  are  very  much  divided  respecting  the  quality  of  die 
product  of  the  open-hearth  process,  as  compared  with  that  of  the 
Bessemer  converter.  It  is  alleged  that  the  lengthened  period  over 
which  the  former  process  is  extended  is  greatly  in  &vour  of  command- 
ing an  uniformity  of  composition  in  the  steel  entirely  beyond  Qxt 
reach  of  the  latter.  I  have  endeavoured  to  ascertain  the  grounds 
upon  which  this  claim  rests,  by  a  reference  to  the  analyses  made  in  the 
North-Eastem  Railway  and  Clarence  laboratories;  these  are  giv^ 
below: — 


Open-hearth  Steel.           Ou 

fton. 

Silioon.    8 

ullthnr.  PI 

toephomi 

Manganese 

(.  Ironbydlff. 

Railway  axle 

'46 

•08 

•04 

•07 

111 

98-24 

II 

•52 

•08 

•10 

•07 

•83 

98-40 

BoUer  plate 

•26 

•05 

•00 

-06 

•47 

99-16 

Steel  bar 

•26 

•02 

•06 

•05 

•79 

98-82 

BoUer  plate 

•205 

•Oil 

•081 

•049 

•569 

99-085 

» 

•190 

•013 

•076 

•044 

•326 

99*351 

« 

•226 

•016 

■088 

•042 

•610 

99023 

»♦               ■•• 

•204 

•035 

•050 

•049 

•417 

99245 

» 

•167 

•031 

•066 

•053 

•235 

99418 

n 

m 

•160 
•265 

trace 
•083 

•050 
•061 

•040 
•053 

•320 
•567 

99-430 

Average 

99-021 

As  a  matter  of  comparison,  the  analyses  of  some  of  the  best  West 
Yorkshire  brands  of  malleable  iron  are  added: — 


Malleable  Iron. 

Baalway  wheel  tyre 
Angle  iron 
Bail  way  axle 


»» 


»» 


i» 


Boiler  plate 
Crank  axle 
Bar  iron  . . . 
Boiler  plate 

Average 


Oarbon. 
.     •lO 

.     •ll 

•12 

.    •u 

.  ^13 

.  -13 

.  08 

.  ^05 

.  ^015 

.  -044 

.      092 


Silicon.    Snlphor.  Phoephonu.  Manganeae.    Itoil 

■17  -01  -09  -08  99^55 

14  02  -09  •06  99-58 

15  -01  -09  -00  99-63 
25  ^02  -09  -01  99-49 
14  -00  ^16  -OO  99-57 
14  -00  -10  •OO  99-63 
12  -02  ^08  •OS  99-67 
10  •Ol  ■03  ^06  9975 


157        •OOS 


121 


•008 


•220         — 
•195         — 


99-608 
99-632 


149        -010 


115 


•024        99-610 
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The  composition  of  steel  and  iron  differs  too  much  to  enable  us  to 
^raw  any  satisfactory  comparison  between  the  two,  so  as  to  infer  there- 
from any  superiority  of  quality.  Thus  steel  from  its  nature  contains 
more  carbon,  and  from  circumstances  connected  with  its  manufacture 
is  richer  in  manganese.  Of  the  three  elements  (Si,  S,  and  P),  which 
are  known  to  weaken  both  forms  of  the  metal,  steel  in  the  examples 
^ven  enjoys  some  advantage.    The  averages  stand  as  follows: — 

Open-faeaiUi  StedL 

Silicon,  sulpliar  and  phosphoras...        '147 

Carbon         *265 

Manganese '567 

Iron ...  09*021      £ 


Iron. 

BeiMmerSteeL^ 

•274 

•278 

•214 

*092 

•462 

•460 

-024 

1178 

1*201 

►•610 

98-092 

98186 

100*  100^  100-  100- 


Again  it  may  be  pointed  out  that  in  the  puddling  process,  of  these 
hurtful  ingredients  which  are  sought  to  be  expelled,  all  but  '274  per 
cent,  of  the  total  weight  has  disappeared  in  the  case  of  the  iron.  In 
this  respect  the  open-hearth  steel  gives  more  &Yourable  results  than 
the  Bessemer  steel,  and  this  with  a  smaller  proportion  of  manganese. 
Whether  this  difference  in  the  content  of  the  hurtful  ingredients 
Buffioes  to  account  for  the  alleged  superiority  of  open-hearth  steel,  or 
whether  it  is  due  to  some  difference  in  the  quantity  of  gas  occluded 
by  the  steel  in  the  open-hearth,  I  am  unable  to  say. 

In  the  few  sentences  respecting  the  comparative  excellence  of 
Bessemer  and  open-hearth  steel,  I  am  not  venturing  upon  any  opinion 
of  my  own,  my  intention  being  confined  to  an  endeavour  co  account 
for  that  which  is  asserted  by  others,  who  have  had  more  ample  oppor- 
tunity than  myself  of  judging  of  the  respective  merits  of  both.  In 
cases  where  the  steel  has  to  be  exposed  to  great  strain,  either  in 
preparing  it  for  its  future  application  or  when  so  applied,  engineers 
not  infrequently  stipulate  for  open-hearth  steel  being  employed.  At 
the  same  time  I  have  personaUy  met  with  innumerable  instances  in 
which  Bessemer  steel,  in  both  the  respects  refen*ed  to,  left  nothing  to 
be  desired. 

Until  the  time  of  Sir  Henry  Bessemer's  invention,  steel  was  known 
in  commerce  in  comparatively  very  limited  quantities;  and  a  short  time 

^  Examples  g^ven,  pp.  414  and  416. 
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anterior  to  that  period  its  use  was  chiefly  confined  to  those  purposes, 
such  as  engineers'  tools  and  cutlery,  for  which  high  prices  could  be  paid 
without  inconvenience  to  the  consumer.  Although  pig  iron  contained 
far  more  than  the  proportion  of  carbon  required  to  constitute  steel,  it 
was  found  necessary  to  incur  the  loss  due  to  burning  off  the  whole  of 
this  element,  in  order  to  free  the  product  from  those  other  substance 
which  affected  prejudicially  the  quality  of  an  article  required  for  the 
purposes  above  mentioned.  This  was  so  essential  to  success  that  not 
only  were  the  purest  ores  selected  for  the  purpose  of  mannfshcturing 
the  pig  iron,  but  the  malleable  iron  was  obtained  in  the  low  charcoal 
hearths  mentioned  in  Section  XII.,  so  as  to  eliminate  the  silicoiv 
sulphur,  and  phosphorus  as  completely  as  possible  from  the  bar.  The 
malleable  iron  thus  obtained  had  a  portion  of  carbon  returned  to  it  by 
the  well-known  process  of  cementation,  and  the  resulting  steel  was 
melted  in  crucibles.  Little  is  known  of  the  early  histoiy  of  the  cementa- 
tion process  and  nothing  of  the  date  of  its  introduction.  It  still 
continues  to  be  the  source  of  the  finer  kinds  of  steel,  although  it  is 
stated  that  a  good  deal  of  the  crucible  steel  made  at  the  present  day, 
instead  of  being  Swedish  or  Bussian  iron  converted  by  cementation, 
consists  chiefly  of  Bessemer  steel  melted  in  crucibles. 

It  is  believed  that  the  most  ancient  method  known  for  making 
steel  is  an  invention  of  Hindoo  origin.  In  it  fragments  of  wrought 
iron,  made  in  the  rudest  way  direct  from  the  ore,  by  means  of  charcoal, 
was  melted  in  pots  in  the  presence  of  vegetable  matter.  The  resulting 
steel  is  known  in  the  market  as  "  wootz,"  and  containing  as  it  does 
nearly  1*75  per  cent,  of  carbon,  possesses  great  hardness. 

On  referring  to  the  diagrams  given  at  page  388,  it  will  be  seen  that 
when  pig  iron  is  exposed  to  the  action  of  the  refinery,  or  of  the  puddling 
furnace,  silicon  and  phosphorus  are  separated  sooner  than  the  carbon. 
It  is  true  that  the  two  first  named  elements  are  never  entirely  removed 
by  either  of  the  processes  referred  to:  but,  inasmuch  as  pig  iron,  in 
passing  to  the  condition  of  malleable  iron,  must  pass  through  what 
may  be  considered  an  intermediate  condition,  viz.:  that  of  steel,  the 
process  only  requires  to  be  stopped  at  that  point  to  obtain  this  form  of 
the  metal. 

Many  years  ago  I  witnessed  the  manufacture  of  steel  in  Rhenish 
Prussia  as  performed  in  a  small  refining  fire.    The  hearth  was  aboat 
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2  feet  square,  the  fuel  used  was  a  mixture  of  charcoal  with  a  little  coke, 
^nd  the  material  treated  was  the  pig  iron  and  spiegel-eisen  of  the 
oonntry.  To  this  was  added  a  portion  of  slag,  obtained  fix^m  preyions 
operations,  tc^ether  with  a  certain  quantity  of  iron  ore.  The  iron  as  it 
melted,  meeting  with  the  blast  and  fused  cinder,  became  decarburized, 
and  acquired  a  pasty  state;  when  fresh  pig  was  added  according  to  the 
judgment  of  the  workman.  As  may  be  imagined,  the  process  was 
-eomewhat  uncertain  in  its  results,  and  depended  greatly  on  the  skill  of 
the  finer.  The  operation  lasted  about  eight  hours,  and  the  mass  of  steel 
^as  withdrawn  in  the  form  of  a  flat  cake,  which  weighed  about  6  cwts. 
It  was  flattened  under  a  hammer,  and  broken  into  pieces  of  about  1  cwt. 
•each.  These  were  heated  by  the  spare  heat  of  the  succeeding  charge,  and 
drawn  out  under  the  hammer  into  the  form  of  bars.  The  quantity  pro- 
duced per  week  from  each  fire  was  about  8  tons,  with  a  consmnption  of 
something  like  20  to  22  cwts.  of  charcoal  for  each  ton.  For  every  100 
parts  of  steel  bars  obtained,  about  140  of  pig  iron  was  consumed:  it 
was  therefore,  it  will  be  perceived,  a  wasteful  process  both  in  the  matter 
of  fuel  and  metal.  The  product  was  sorted  according  to  quality,  the 
proportions  averaging  about  two-thirds  of  high  quality,  and  the 
remainder  of  an  inferior  description.  The  very  rudeness  of  the  process, 
:giving  rise  to  a  large  production  of  cinder,  tended  to  remove  the 
impurities  from  the  pig  employed,  which  moreover  was  originally  of 
■excellent  quality.  This  and  the  presence  of  the  manganese  in  the 
«piegel  enabled  the  Oerman  manufacturers  of  Siegerland  to  furnish  a 
very  high  class  quality  of  steel  in  the  primitive  appliances  referred  to. 
We  have  thus  seen  how  the  ancient  hearth,  which  in  succession 
had  been  employed  for  obtaining  malleable  iron  fix>m  the  ore  and 
malleable  iron  from  pig  iron,  was  also  used  for  producing  steel  from 
pig  iron.  The  puddling  fdmace  has,  in  its  turn,  been  enlisted  in  the 
same  sequence  of  services.  Invented  originally  by  Oort  for  the  con- 
version of  pig  into  malleable  iron,  it  was  sought  by  Olay  some  50  to  60 
jears  afterwards  to  employ  it  as  a  means  of  avoiding  the  use  of  the 
blast  furnace  by  reducing  the  ore  at  once  into  wrought  iron.  This 
was,  like  all  the  direct  processes  hitherto  tried,  a  commercial  failure. 
It  was  otherwise  with  an  attempt  to  apply  the  same  principle  to  the 
puddling  furnace,  which,  for  many  years,  had  been  in  successful 
operation  with  the  finery  as  shortly  described  above,  the  idea  being 
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simply  to  stop  the  fining  prooess  before  complete  (or  rath^  all  bat 
complete)  decarborization  had  taken  place.  Although  this  mode  of 
producing  steel  had  been  tried  in  Austria  and  Germany  so  early  as  1835, 
I  have  no  recollection  of  having  ever  heard  of  it  before  the  year  of  the 
first  International  Exhibition  in  London  (1851).  The  practise,  after 
the  iron  became  fluid  in  the  puddling  furnace^  was  to  lower  the  damper^ 
which  enabled  the  workman  thoroughly  to  incorporate  the  iron  and 
cinder,  rendered  less  liquid  by  the  cooling,  so  as  thereby  to  remove  the 
silicon  and  phosphorus  more  effectually  than  was  usually  accompUahBd 
by  the  ordinary  method  of  puddling.  It  seems  to  me  possible  that 
this  reduction  of  the  temperature  of  the  furnace  might  also  act  as  a 
means  of  retaining  the  carbon,  and  therefore  of  preserving  the  fluidi^ 
of  the  metal  in  the  manner  mentioned  when  describing  the  process  of 
purifying  pig  iron  (p.  401). 

The  late  Mr.  Parry  of  Ebbw  Vale  gives  the  composition  of  pnddled 
steel  and  that  of  the  grey  pig  iron  used  in  the  manu&cture.  They 
are  as  follows : — 


Carbon 
Silicon 
Sulphur 
Fhosphoras... 
Manganese  ... 
Iron  by  difference 


Piglroii. 

Paddled  St«aL 

2-680 

•501 

2-212 

•106 

•125 

•008 

*4>26 

•096 

1-230 

•144 

93327 

99151 

100- 


100- 


The  average  composition  of  the  cinder  as  given  by  Mr.  Party 
bllowa : — 


waft 


as  follows : 


Silica  ...         ... 

>  •                ■  •  • 

24-75 

Alumina         

•                •  ■  ■ 

4-55 

liime   ... 

•30 

Protoxide  of  iron 

»•                •  •  4 

60-95  -  Fe  47^40 

„          manganese 

1  •                •  •  • 

9-45  -  Mn  7*85 

100- 

The  loss  on  the  pig  iron  used  was  about  10  per  cent.,  and  the  coal 
required  in  the  process  was  approximately  80  cwts.  per  ton  of  steel; 
the  produce  of  each  furnace  being  about  1^  ton  in  the  12  hours. 


SECTION  XIV. — ^SUBSTANCES  TAKEN  UP  IN  BLAST  FUBNACB.     489 

The  qnantitj  of  paddled  steel  made  was,  at  one  time,  not  incon- 
siderable; and  but  for  the  introduction  of  the  Bessemer  process  might 
have  become  a  very  important  branch  of  industry.  Such  steel  as  that 
of  the  composition  just  named,  if  melted  in  a  Siemens  fiimace,  would 
have  afforded  an  excellent  material  for  the  top  of  a  rail,  and  in  former 
years  might  have  been  profitably  employed  for  this  purpose. 

Reference  was  made  in  Section  II.  (p.  10),  to  the  same  furnace 
having  been  employed  in  comparatively  recent  times,  as  a  means  of 
obtaining  wrought  iron,  pig  iron,  and  also  steel.  For  this  threefold 
purpose  the  furnaces  probably  occupied  an  intermediate  position  in 
point  of  size  between  the  low  hearth  and  the  Sttickofen  or  Blauofen. 
Dr.  Percy,  in  his  admirable  work  of  reference,^  mentions  that  the  process 
of  reduction  can  be  so  conducted  in  the  low  hearth,  the  most  ancient 
form  of  furnace  known  to  us,  as  to  produce  fer  cxiereux  or  steely 
iron.  By  a  still  further  modification  of  the  operation,  more  carbon 
was  made  to  unite  with  the  iron  and  steel  was  then  obtained.  The 
quality,  it  is  true,  was  irregular,  but  in  the  absence  of  better  methods 
it  is  not  improbable  that  the  Catalan  or  analogous  fire,  may  have  been 
used  in  very  remote  ages  for  the  production  of  the  material  for  tools 
required  in  the  construction  of  the  oldest  monuments  of  stone  with 
which  we  are  acquainted. 

POSTSCRIPT. 

In  these  pages  mention  was  made  of  the  &ct  that  the  heat  in  an 
ingot  of  steel,  as  drawn  from  the  mould  into  which  it  had  been  poured 
from  the  converter,  would,  if  equally  distributed  through  the  mass, 
enable  it  to  be  converted  into  a  rail.  Some  few  years  ago  Mr.  Alexander 
Wilson,  of  the  Dronfield  Steel  Works,  near  Sheffield,  informed  me  that 
he  had  succeeded,  by  transferring  the  hot  ingot  quickly  into  a  furnace, 
in  delivering  it  to  the  mill  at  an  expenditure  of  only  half  a  cwt.  of  coal 
per  ton  of  rails  made:  indeed  he  had,  if  I  remember  rightly,  rolled  an 
ingot  into  a  rail  direct  from  the  ingot  mould.  The  consumption  of 
coal  being  reduced  to  so  small  an  amount,  it  was  found  more  profitable 
to  continue  to  use  the  furnace  for  reheating,  after  which  the  rail  was 
rolled  off  without  further  preparation. 

*  Iron  and  Steel,  p.  764. 
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At  the  Vienna  meeting  of  the  Iron  and  Steel  Institate,  held  in 
1882,  Mr.  John  Ojers  describes  a  plan  of  his  own  for  avoiding  the 
reheating  of  the  ingots.  A  series  of  holes,  or  ''soaking  pits'*  as  he 
caUs  them,  snnk  in  the  ground,  are  lined  with  fire  brick.  Into  these 
the  hot  ingots  are  introduced  as  rapidly  as  they  can  be  got  &om  the 
ingot  monlds  and  coyered  with  an  iron  plate.  The  brickwork  is  speedily 
raised  to  a  good  red  heat  by  the  hot  steel,  so  that  the  ingots  aflser 
half  an  hour's  exposure  in  the  pits,  become  equally  hot  throngbonb 
and  are  then  taken  direct  to  the  roUs  without  being  passed  into  any 
furnace.  Owing  to  the  state  of  the  machinery  at  the  Darlington  and 
West  Cumberland  Works,  where  the  plan  has  been  in  operation  for 
some  time,  it  has  not  been  found  convenient  to  finish  the  cogged 
ingot  into  a  rail  without  submitting  it  to  a  wash  heat ;  but  it  is  con- 
fidently expected  to  accomplish  this  when  the  rolls  and  other  appliances 
are  provided  of  suitable  strength. 
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SECTION  XV. 


STATISTICAL. 

The  fourteen  preceding  Sections  in  these  pages  have  dealt  exclnsivelj 
with  some  of  the  theoretical  and  practical  qnestions^  which  chiefij 
interest  those  who  are  actnallj  engaged  in  the  manufacture  of  iron. 

It  is  proposed  in  the  remaining  divisions  to  consider  certain  facts 
and  figures  more  calculated  to  interest  the  trader  and  economist  than 
the  manuf  acturer,  yet  of  sufficient  importance  to  be  included  in  a  work 
of  a  more  purely  technical  character. 

As  stated,  in  the  opening  remarks  of  this  volume,  it  was  a  desire 
expressed  by  certain  friends  to  receive  some  report  on  the  manufacture 
of  iron  in  foreign  countries  which  led  to  its  compilation.  It  was  con- 
sidered by  them  that  the  discharge  of  my  official  duties  at  the  Inter- 
national Exhibitions  of  Paris  and  Philadelphia  would  have  placed  ample 
materials  at  my  command  for  the  preparation  of  such  a  report  as  that 
referred  to.  It  is  however  open  to  question  whether  such  displays  as 
those  just  mentioned  afford  the  true  means  of  arriving  at  very  correct 
conclusions  respecting  the  condition  of  this  branch  of  industry  in  the 
different  exhibiting  nations.  The  necessary  information  for  such  a 
result  can  only  be  obtained  by  a  more  minute  examination  than  that 
afforded  by  a  mere  inspection  of  samples  of  workmanship  exposed  to 
view  upon  such  occasions.  Although  the  work  when  specially  prepared 
for  the  purpose  may  not  represent  an  average  make  of  the  exhibitor, 
the  collection  of  specimens  as  were  to  be  found  at  Paris  and  Phila- 
delphia are  most  useful  to  those  who  are  desirous  of  studying  the 
position  of  a  manufacture  like  that  of  iron.  Articles  of  the  metal  as 
well  as  of  steel  were  shown  in  both  cities  in  which  mere  magnitude 
proved  the  possession  of  the  mechanical  means  of  dealing  with  such 
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masses  as  are  only  to  be  found  in  establishments  of  the  hig^hest  im- 
portance and  development.  Various  modes  of  testing  the  quality  sib 
adopted  which,  from  the  expense  and  labour  attending  them,  are  only 
practised  when  it  is  certain  that  the  results  will  be  carefully  inspected 
by  a  numerous  class  of  competent  judges.  Besides  these  modes  of 
affording  instruction  to  those  interested  in  acquiring  it^  questions 
bearing  on  the  purely  scientific  aspects  of  this  branch  of  metallmgy 
were,  on  both  occasions,  largely  illustrated  by  a  well-chosen  series  of 
examples. 

So  far  as  the  word  "intemationar'  is  concerned,  as  applied  to  an 
exhibition  of  iron,  in  its  various  forms,  the  title  is  perhaps  somewhat 
exaggerated.  When  prominence  in  manufacturing  skill  has  to  ht 
manifested  by  the  display  of  an  armour-plate  of  40  tons,  or  a  cast-sted 
ingot  of  100  tons,  as  was  done  at  Paris,  firms  at  a  distance  naturally 
shrink  from  encountering  the  expense  of  sending  such  pondenxis 
masses  far  away  from  home.  Under  such  circumstances  the  iron  sec- 
tion, in  point  of  extent  and  completeness,  is  chiefly  an  exhibition  of  the 
products  of  the  country  in  which  the  gathering  is  held.  In  my  Report 
to  Her  Majesty's  Government  on  the  International  Exhibition  at 
Philadelphia,  I  remarked  on  the  poverty  which  was  so  conspicuous  in 
the  number  and  character  of  the  specimens  of  iron  sent  from  Great 
Britain,  notwithstanding  the  fact  of  its  being  the  largest  producer  of 
the  metal  in  the  world.  In  like  manner,  in  an  excellent  report  to  the 
Government  of  the  United  States  on  the  Paris  Exhibition,  my  friend 
the  Hon.  Dan.  J.  Morrell  laments  the  absence  of  American  products 
from  the  vast  buildings  in  the  Champ  de  Mars. 

In  one  respect  it  must  be  admitted  that  the  French  stood  out,  if 
not  foremost,  certainly  very  conspicuously  in  the  world  as  manu&c- 
turers  of  iron;  viz.,  in  the  scientific  completeness  with  which  they 
presented  the  information  intended  for  the  use  of  visitors.  This  com* 
pleteness  was  not  limited  to  the  mere  objects  of  manufacture  them- 
selves, but  embraced  the  locality,  the  natural  conditions  and  the 
method  of  extraction  of  the  raw  materials,  models  and  drawings  of  the 
machinery  employed,  as  well  as  minute  descriptions  of  the  processes, 
and  detailed  accounts  of  the  condition  of  the  workmen  engaged  in 
conducting  them.  No  doubt  in  these  respects  this  nation  was  dosely 
followed  at  Paris,  by  the  ironmasters  of  Sweden  and  Belgium,  and  by 
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the  establishments  of  the  Austrian  Government ;  but  on  the  whole  I 
question  whether  anyone  will  dispute  the  place  of  honour,  at  all  events 
on  that  oocasion,  with  the  French. 

Descriptions  of  what  was  to  be  seen  in  the  way  of  iron  metallurgy  in 
Philadelphia  in  1876,  and  in  Paris  in  1878^  have  been  so  amply  supplied 
by  my  friends  Messrs.  Akerman,  Morrell,  Tunner,  and  Wedding,  that 
I  do  not  propose  to  extend  my  labours  by  referring  in  detail  to  my  own 
lengthened  experience  at  either  of  these  exhibitions,  but  rather  to  make 
that  experience  useful  in  fche  preparation  of  what  follows  in  the  suc- 
ceeding Sections  of  this  work. 

The  progress  which  Great  Britain  has  made  in  the  means  of 
eoonomising  the  production  of  iron  and  steel  has  made  itself  apparent 
in  the  enormous  increase  of  its  annual  make.  One  hundred  and  forty 
years  ago,  i.e.,  in  1740,  the  make  of  pig-iron  in  the  United  Kingdom, 
as  we  have  seen,  was  under  20,000  tons — ^in  1880  it  was  7^  million 
tons.  With  the  means  at  the  disposal  of  fche  iron  manufacturers 
in  1740  it  would  have  been  physically  impossible  to  have  achieved 
this  result.  To  effect  what  has  been  done  charcoal  has  had  to  give 
place  to  coal,  a  change  first  successfully  accomplished  by  Abraham 
Darby;  James  Watt  had  to  place  the  steam-engine  at  our  disposal, 
GoTt  had  to  teach  the  puddling  process,  Neilson  the  use  of  hot 
air  in  the  blast  ftumace,  and  Bessemer  the  pneumatic  mode  of 
making  steel. 

These  discoveries,  the  of&pring  of  British  invention,  were  rapidly 
adopted  abroad ;  and  if  the  United  Kingdom  is  still  far  ahead  in  the 
quantity  of  iron  produced,  this  has  not  prevented  alarm  being  felt  lest 
we  are  at  length  being  overtaken  in  the  race.  As  an  instance,  it  was 
recently  stated  in  the  public  prints,  that  Belgium  was  outstripping  us 
in  economy  of  manuiacture,  because  Cleveland  pig  iron  was  being 
converted  in  Belgian  works  into  wrought  iron  girders,  and  then 
returned  to  London  and  sold  at  a  cheaper  rate  than  the  rolling  miUs 
in  England  could  supply  them.  Now  Cleveland  pig  iron,  it  is  true,  is 
imported  into  Belgium  from  Middlesbrough  tor  foundry  purposes;  but 
the  girders  sent  to  England  are  made  of  an  entirely  different  desciip- 
tion  of  pig  iron,  smelted  on  the  spot  in  Belgian  furnaces.  Neverthe- 
less there  is  no  doubt  that  in  late  years  our  foreign  trade,  relatively 
speaking,  has  been  greatly  encroached  upon.     This  will  best  be  seen 
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by  an  examination  of  the  figoi'es  contained  in  the  subjoined  tebW 
which  shows  roughly  the  proportion  of  pig  iron  made  in  Great  Biitam 
and  elsewhere,  the  figures  representing  thousands  of  tons: — 

ISn.  1S73.  1S73.  1871  1871  1878.  1877.  1878.  1879L  1880.  188L  UBL 
GreatBritain  ..  6.617  6.741  6,566  5.991  6,366  6.866  6»6Q6  6.300  6.00B  7,7S1  MTT  &« 
other  oonntriM  ..    5.309    7.166    7.604    7.060    6.776    6.374    6.8IS    7.356    7J7S9    «.rei  10JB8  I1.9V 


Total    ..        ..  18,096  13.906  14.170  13,061  13,141  13,999  13^430  13^  13.768  17.485  18^966  mjK 

Peroentoca  of  whole 
made  in  at.  Britain 

Wk 

481 

46i 

46 

48i 

BOf 

4H 

46i 

44i 

44t 

«* 

« 

Do.  in  other  ooontriea 

44f 

514 

64 

64 

m 

49* 

801 

toi 

«9 

55f 

S6i 

SI 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

m 

Thus  it  will  be  seen  that  twelve  years  ago  (1871)  we  prodnoed 
about  (6,627,000—5,899,000)  1,228,000  tons  more  than  all  the  rat 
of  the  world  put  together,  and  we  end  in  1882  by  prodnciiig 
(11,582,000—8,498,000)  8,089,000  tons  less  than  the  joint  produce 
of  other  nations. 

Approximately  our  exports  of  all  kinds  of  iron  have  been  as  fol- 
lows (in  thousands  of  tons): — 

ISn.    1872.    1873.    1874.    1875.    1878.    1877.    187a    1879.    188a    18BL    Utt 

Aapig 1.061    1.331    1.143      774      947      910      881      9M    1.8S3    1.633    1,483    Um 

Other  kinds  reduced 
topig*         ..       ..  2.635    2.663    3.S68    2,141    1.888    1.642    1,831    1.715    2.075    2i6BS    23B    %!• 

3^    S^Im    a[tiO    3|916    2!»6    2^   ijU    ijoi   isis    4[3B    4JM    iH 
Left  for  borne  oon- 
Bamption«    ..       ..  2.931    2.847    3,156    3.076    3.530    4.003    3,806    3.661    %7U    3J96    4.m   3JK 

Total  make  of  United 
Kingdom     ..       ..  6.627    6.741    6,566    5.991    6.366    6,565    6,608    6.300    6.009    7,581    8.V7    %m 


^  Report  of  the  BritUh  Iron  Trade  Association,  1882,  jjage  138.  Gognractedt 
when  necessary,  approximately  to  tons  of  2,240  lbs.  avoirdupois. 

*  In  the  Sgares  setting  forth  the  quantities  produced  in  '^otiier  ooontrieB" 
certain  corrections  have  hf^  to  be  made  m  the  numbers  g^ven  in  the  Report  of  Urn 
Iron  Trade  Association.  It  is  not  until  1881  that  the  production  of  the  German 
Empire  is  given  as  a  whole  when  there  is  a  sudden  increase  of  about  one  millian 
tons  in  the  column  (p.  188)  previously  given  as  F^ssia.  On  referring  to  Pedlar's 
'*  Coal  and  Iron  in  all  Countries  of  the  World"  I  find  that  the  quantities  exceed 
those  in  the  Report  referred  to,  beginning  with  an  excess  of  194,000  tons  in  1871 
and  ending  with  477,000  tons  in  1876.  Pechar  ends  his  account  with  1876,  so  tint 
between  that  year  and  the  end  of  1880  I  am  without  any  data.  I  have  therefoR 
divided  equally  the  difference  among  the  four  years  which  intervene.  In  Austzo- 
Hungary  there  is  a  bhink  for  1878  which  is  filled  up  with  400,000  tons.  A  simihr 
omission  for  1882  occurs  for  Sweden  and  Austro-Hungary  together  for  which 
1,000,000  tons  have  been  inserted. 

'  Obtained  by  adding  25  pear  cent,  for  waste  to  the  weights  exported  as  given  in 
Report  of  Iron  Trade  iUsociation. 

*  These  numbers  disregard  any  alterations  in  the  qnanfdty  of  stocks  of  iron  on 
hand. 
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The  same  statistical  tables  of  the  British  iron  trade^  upon  which 
tlie  last  series  of  calculations  have  been  based,  give  the  following  as 
the  exports  of  pig  iron  alone  from  different  countries  during  the  ten 
years  ending  1880  (in  thousands  of  tons)  : — 

18n.     1872.     1873.     1874.     1878.     1878.     1S77.     187a     1879.     1880.* 
V^om  Orsftt  Britain  IS  sbore   1,061     USl     1,142       774       M7       910       881        924     1.223     1.638 
other  ooontrias  ..      217       297       306       SB6       4K       389       461        489       517        612 


Total^        ..        ..    1.278     1,888     1,447     1,129     l,«n     1,299     1,332     1,393     1.740 

2.144 

Considered  as  percentages,  we  have  the  following  numbers: — 

187L       1872.      1873.        1874.       1875.     1876.      1877.        187&     1879. 
OreatBritttin     ..       83}         83|         79         68|         674         70         66           66i         70 
Other  ooantries..       16|         16}         21         314          38i         30         34           S3|         30 

1880. 
76 
24 

100  100  100        100  100  100        100  100^        100^        100« 

These  tables  clearly  show  that,  although  Oreat  Britain  in  the 
transactions  of  the  ten  years  has  largely  increased  her  exports  of 
pig  iron,  yet  foreign  countries,  chiefly  Germany  it  may  be  observed, 
have  sent  abroad  more  than  their  former  share  of  the  additional  quan- 
tities required  by  importing  nations.  Thus  while  the  increase  of 
Great  Britain  amounts  to  only  about  56  per  cent,  on  the  exports  of 
1871,  that  of  other  countries  is  no  less  than  186  per  cent.  Of  course 
due  allowance  must  be  made  for  the  circumstance  that  the  percentage 
addition,  in  the  case  of  other  nations,  is  on  an  initially  small  quantity; 
the  actual  increases  being  571,000  tons  for  Great  Britain  against 
295,000  tons  collectively  for  other  countries. 

Practically  the  increased  production  of  iron,  during  the  ten  years 
under  consideration,  has  arisen  in  four  countries  as  follows  (in  thou- 
sands of  tons) : — 


QreiU 
Briton. 

Make,  1880    ...    7,721 

„      1871    ...    6,627 

United  states, 
iretToDS 
2,000  lbs. 

4,295 
1,911 

2,384 

1241 

Prussia. 

1,950 
1,297 

653 

601 

Fmooe, 

1,733 
859 

874 
102 

•  •  • 

•  •  • 

•  •  » 

Aven 

Total. 

15,699 
10,694 

Increase         ...    1,094 

Bate  of  mcrease  )       . g. 
percent.     ...           ^ 

5,005 
ige...   46J 

*  The  last  three  years  contain  some  blanks  which  have  been  filled  up  with  as- 
sumed numbers. 

*  The  last  three  years  are  given  partly  by  estimate  owing  to  no  returns  being 
inserted  for  some  of  the  countries. 
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By  far  the  most  remarkable  among  these  increases  is  that  of  tk 
United  States;  and  of  this  more  than  one-half,  or  a  total  of  1,225,000 
tons,  took  place  in  the  last  year  of  the  period  referred  to. 

The  make  of  pig  iron  in  the  United  States  has  farther  been  maiD- 
tained  daring  the  two  saoceeding  years,  the  weight  produced  being:— 

Net  Tons. 

For  1881  4,641,676 

For  1882         5,178,121 

Thns  while  in  1871  the  make  of  the  American  Union  was  onl^ 
26  per  cent,  of  that  of  Great  Britain,  it  has  grown  for  the  two  yean 
just  recorded  to  52^  per  cent,  of  that  of  this  country,  an  incmse 
unparalleled  in  the  history  of  the  iron  trade. 

With  the  figures  just  given  before  us,  it  seems  quite  idle  to  shm 
our  eyes  to  the  fact  that  the  supremacy  we  have  long  held  as  an  in» 
making  nation  is  threatened  with  a  permanent  abatement,  at  all  eyentE 
in  point  of  its  relative  extent.  No  one  who  has  examined  the  iron- 
works in  Europe  or  America  can  deny  that  they  are  managed  by  men 
who  in  science  and  skill  are  our  equals.  The  question  therefore  reGolves 
itself  into  one  of  the  relative  natural  advantages  possessed  by  Great 
Britain  and  her  competitors;  that  is  to  say  into  the  relative  abundance 
and  facility  of  extraction  of  the  necessary  minerals,  and  the  relative 
ease  with  which  they  can  be  brought  together  and  the  product  coa- 
veyed  to  the  market. 

In  endeavouring  to  define  the  circumstances  which  have  affected 
the  development  of  the  iron  trade  in  foreign  countries,  it  is  impossible 
entirely  to  ignore  th«  consequences  of  foreign  legislation.  In  consider- 
ing the  effect  of  protective  duties,  I  am  not  going  to  regard  it  as 
within  my  province  to  question  the  propriety  of  a  country  adopting 
any  line  of  policy  which  it  may  consider  best  calculated  to  promote  its 
own  advancement.  Thirty-six  years  ago  we  embraced,  withont  con- 
sultation with  other  powers,  what  is  known  as  the  Principles  of  Free 
Trade.  We  did  this  in  our  own  interests,  believing,  it  is  true,  that  we 
were  at  the  same  time  promoting  those  of  the  world  at  large.  We 
continue  in  this  course;  because  we  rely  on  the  soundness  of  the  policy 
itself;  and  we  must  leave  those  with  whom  we  deal  to  be  their  own 
judges  of  what  suits  them  best,  whether  we  agree  with  them  or  not. 
The  question  therefore  is  only  referred  to  in  these  pages,  because  any 
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<^irciiinstanc€  which  favours  the  extension  of  the  iron  trade  in  a  foreign 
country  necessarily  interferes  with  oar  transactions  with  that  country 
in  this  particular  industry.  We  have  moreover  to  enquire  whether 
such  extension  is  of  a  nature  to  lead  us  to  expect  future  competition, 
in  supplying  those  parts  of  the  earth  which,  from  a  variety  of  circum- 
BtanceSy  cannot,  at  all  events  for  many  years  to  come,  or  in  some  cases 
probably  for  ever,  supply  themselves  cheaply  with  home  made  iron. 
To  determine  this,  it  seems  absolutely  indispensable  that  we  should 
distinguish  between  those  circumstances,  such  as  the  cost  of  labour  and 
protective  duties,  which  are  more  or  less  of  an  artificial  character,  and 
those,  such  as  the  accessibility  of  coal  or  ore,  which  are  of  a  purely 
natural  kind. 

The  matters  involved  in  such  an  enquiry  as  that  just  referred  to, 
possess  an  interest  to  the  British  public  at  large,  as  well  as  to  the  iron 
manufacturers  of  these  islands.  The  great  change  which  has  taken 
place  in  late  years  in  the  price  of  labour  in  the  United  Kingdom,  renders 
it  desirable  that  we  should  consider  whether  a  similar  alteration  obtains 
among  those  nations  we  have  to  meet  as  competitors  in  the  markets 
of  the  world;  and  if  so,  what  is  its  cause,  its  nature,  and  its  extent. 
This  important  question  will  receive  some  attention  in  the  section 
which  follows. 

An  opinion  is  not  unfrequently  expressed  that  the  duties  levied 
abroad  on  foreign  iron  have  greatly  restricted  the  exportation  of  this 
metal  from  Great  Britain  to  such  countries.  There  is  no  doubt  that 
this  is  perfectly  true:  as  an  example,  except  in  cases  of  extraordinary 
emergencies,  the  trade  in  iron  between  this  country  and  the  United 
States  may  be  said  to  have  been  almost  annihilated;  and  this  in  the 
first  instance  by  the  prohibitive  nature  of  the  American  tariflf.  It  is 
however  quite  another  thing  to  conclude  that  if  all  duties  were  abolished 
all,  or  indeed  many,  foreign  iron  works  would  be  closed;  and  that  on 
Great  Britain  would  then  rest  the  I'esponsibility  of  supplying  almost 
the  whole  world  with  iron.  The  cheaply  wrought  Black  Band  ore  of 
Scotland,  often  brought  out  of  the  same  pit  which  furnished  the  coal 
for  smelting  it  no  doubt  for  some  years,  when  the  total  make  was  not 
one-fourth  of  what  it  now  is,  placed  this  country  in  a  position  which 
defied  at  the  time  all  competition  in  point  of  cheapness  of  production. 
Since  that  period  however,  in  seeking  to  produce  iron  economically. 
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we  are  dependent  on  the  lias  formation  for  metal  of  ordinary  quafitj, 
and  for  other  kinds  on  the  rich  deposits  of  hematites  in  Lancashire  and 
Cumberland.  For  the  treatment  of  both  these  descriptions  of  mineral, 
the  fuel  has  to  be  conveyed  to  the  ore,  or  vice  versa,  for  greats  or 
shorter  distances.  It  must  be  remembered  however  that  our  cheaply- 
worked  ironstones  of  North  Yorkshire,  Lincolnshire,  and  NorthamptoD- 
shire  have  now  their  counterparts  near  the  Moselle,  in  Alsace,  and  in 
Luxemburg;  and  the  rich  ores  of  the  West  Coast  of  England  are  rarely 
quite  so  favourably  situated  for  cheap  extraction  as  those  of  Bilbao, 
Lake  Superior,  and  some  in  Pennsylvania,  or  the  immense  tracts  of 
brown  hematite,  and  the  so-called  *'fo8siliferous  ore,"  found  in  some 
of  the  southern  states  of  America. 

In  order  to  occupy  a  position  of  any  importance  as  an  iron-export- 
ing country,  the  possession  of  a  plentiful  and  cheap  supply  of  coal  is  of 
course  indispensable.  In  this  respect  Great  Britain  has  nothing  to 
fear,  inasmuch  as  for  many  years  she  has  raised  nearly  as  much  as  all 
the  rest  of  the  world  put  together;  and  out  of  her  superabundance 
there  is  exported  for  foreign  use  a  weight  equal  to  that  worked  either 
in  Prance  or  Belgium,  which  after  Great  Britaiu  and  the  United  States 
are  two  of  the  principal  iron-making  countries  of  the  world. 

Great  however  as  is  our  wealth  in  fossil  fuel,  we  are  far  outstripped 
by  North  America  whose  known  coal-fields  extend  over  an  area  of  24 
times  as  great  as  those  of  England  and  Scotland  put  together. 

Germany  also  has  nothing  to  fear  at  present  for  want  of  coaL  The 
Ruhr  district  alone,  which  in  1840  produced  short  of  one  million  tons, 
has  now  an  annual  output  closely  approaching  twenty  millions  of  tons. 
The  area  of  coal-bearing  strata  on  that  river  is  said  to  exceed  1,000 
square  miles,  which  is  about  one-eighth  of  that  of  the  entire  United 
Kingdom. 

The  production  of  coal  as  given  in  the  Iron  Trade  Report  for  1882 
was  as  follows: — 


Tons. 

In  Great  Britain... 

166,409,000 

United  States... 

72,000,000 

Gennany 

58,000,000 

France 

20,803,000 

Belgium 

17,485,000 
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Of  these  five  nations.  Great  Britain  and  the  United  States  are  the 
oiil J  countries  which  import  no  coal.  The  imports  and  exports  for  the 
year  1882  was  as  follows: — 


BaoeiTod. 
Tona. 


Snorted. 
Tom. 

United  Kingdom NiL  20,958,000 

United  States 


Germany  ... 
Fiance  ... 
Belgium  ... 


NiL*  650,000 

7,681,000  2,090,000 

10,293,000  587,000 

1,058,000  5358,000 


Of  these  France  alone  stands  in  the  position  of  having  its  iron 
trade  susceptible  of  being  impeded  for  want  of  coal;  for,  although 
Germany  appears  as  having  imported  above  7|  million  tons,  no  doubt 
to  places  remote  from  her  coal-fields,  she  appears  to  have  exported 
above  two  million  tons.  In  the  iron  works  of  France,  including  the 
Bessemer  and  Siemens-Martin  steel  works  the  coal  consumed  is  probably 
about  six  million  tons;  but  it  has  been  just  proved  that  she  is  indebted 
for  a  very  much  larger  quantity  even  than  this  to  localities  outside  her 
own  dominions. 

In  the  matter  of  iron  ore  the  United  Kingdom  will  also  bear  com- 
parison with  any  part  of  the  world. 

After  the  discovery  of  the  Bessemer  and  open-hearth  processes,  the 
ores  of  iron  soon  came  to  be  practically  divided  under  two  heads — 
viz.,  those  which  afforded  metal  fit  for  the  steel  manufacturer,  and 
those  which,  from  the  presence  of  phosphorus,  were  unfit  for  his  pur- 
poses. It  is  trae  this  division  held  more  or  less  good  under  the  old 
method  of  making  steel  by  cementation ;  but  the  presence  of  phos- 
phorus in  small  quantities  was  then  less  objectionable,  owing  to  its 
partial  removal  during  the  conversion  of  the  pig  into  malleable  iron, 
a  process  which  was  a  preliminary  step  in  the  manufacture  of  steel. 

Clay  ironstone,  so  called  from  the  presence  of  alumina,  constitutes 
by  for  the  largest  proportion  of  the  ores  of  iron;  but  I  am  unacquainted 
with  a  single  case  where  this  mineral  is  sufficiently  free  from  phos- 
phorus to  be  capable  of  treatment  in  the  Bessemer  converter,  or  in  the 
original  mode  of  making  steel  in  the  Siemens  furnace. 

^  It  is  doubtful  whether  this  retam  is  quite  correct  as  vessels  occasionaUy  take 
out  small  quantities  of  coal  to  the  United  States.  In  1876  the  importations  were, 
aooording  to  Pechar,  407,000  tons. 

00 
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On  the  other  hand^  carbonate  of  iron,  or  spathose  ore,  is,  I  bdier^, 
inyariablj  suitable  for  the  steel-maker's  operations ;  but  it  is  of  too  rare 
occurrenoe  to  form  an  important  element  in  considering  the  question. 
The  oxides  of  iron,  as  found  in  the  magnetites,  and  in  the  hematites, 
red  and  brown,  constitute  by  far  the  most  important  source  of  meUl 
possessing  the  purity  required  for  the  produciion  of  steel.  It  ofben 
happens  however  that,  even  in  these  varieties  of  ore,  phosphoros  occurs 
in  such  proportions  as  to  render  them  unfitted  for  the  purpose. 

The  only  important  deposits  in  Great  Britain  of  native  oxide  of 
iron  fit  for  steel-making,  as  it  is  now  commonly  practised,  are  those  in 
Cumberland  and  Lancashire,  which  frequently  are,  for  this  class  of 
mineral,  among  the  most  economically  worked  in  the  world. 

So  long  as  steel  was  only  required  in  moderate  quantities,  and  was 
all  produced,  chiefly  from  foreign  iron,  by  the  process  of  cementation, 
the  mines  of  the  two  counties  just  named  amply  sufficed  for  the 
demands  made  on  their  resources.  These  demands  were  confined  to 
supplying  the  means  of  diluting  the  phosphorus  found  in  the  foige 
cinders,  when  the  same  were  sent  to  the  blast  furnace,  or  of  making 
for  certain  pui*poses,  pig  iron  of  a  higher  quality  than  that  obtained 
fi*om  the  usual  run  of  clay  ironstones. 

The  necessities  of  the  Bessemer  steel-makers,  stimulated  by  ameliora- 
tions in  the  manufacture,  soon  exceeded  the  powers  of  the  Lancashire 
and  Cumberland  mines  which  with  some  smaller  sources  of  supply  maj 
be  regarded  as  capable  of  furnishing  close  on  to  three  million  tons  per 
annum  of  ore,  equal  to  a  little  above  one  and  a  half  million  tons  of  pig 
iron.  The  deficiency  has  been  made  up  by  considerable  importations, 
*  chiefly  irom  Spain ;  since  ore  can  be  obtained  from  Bilbao  and 
delivered  at  blast  furnaces  on  certain  coal-fields  in  Wales,  and  in  the 
North  of  England,  at  a  cost  of  7s.  to  10s.  for  carriage,  and  at  the 
present  moment  (July,  1883)  is  being  conveyed  for  58.  6d.  to  68.  6d. 

per  ton. 

So  far  as  present  appearances  of  the  Spanish  mines  enable  us  to 
judge,  there  is  every  reason  for  believing  that  the  steel  works  of  the 
world  can  count  for  many  years  to  come  on  a  very  large  supply  of 
suitable  ore,  for  I  am  informed  that  in  the  year  1881  the  mines  of 
BUbao  alone  have  fiimished  nearly  two  and  three-quarter  million 
tons. 
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Having  r^;ard  to  the  position  of  Great  Britain,  and  the  situation 
of  her  coal-fields  in  relation  to  the  sea  and  to  the  markets  generally, 
there  is  thns  no  nation  more  fevourably  situated  for  smelting  Bessemer 
pig,  whether  from  native  or  from  foreign  mineral. 

There  are  many  persons,  myself  among  the  number,  who  think  that 
jsteel,  or  perhaps  more  properly  ingot  iron,  may  ultimately  supersede  in 
in  a  great  measure,  if  not  entirely,  the  use  of  malleable  iron  as  produoed 
from  the  puddling  furnace.  At  om  time  the  chief  barrier  to  this 
possible  change  appeared  to  be  the  want  of  metal  sufficiently  free  from 
phosphorus  to  supply  the  greatly  increased  demand,  which  would  be 
necessitated  by  the  extended  use  of  such  a  quality  of  iron. 

From  this  difficulty  the  Basic  process  has  undoubtedly  liberated  us. 
It  may  be  questioned,  as  it  is  by  many,  whether  circumstances  con- 
nected with  the  position  of  the  minerals,  and  that  of  the  markets  may 
not  in  many  cases  enable  the  hematite  pig  iron  to  compete  on  more  than 
equal  grounds  with  the  Basic  process,  as  applied  to  the  cheaper  pig  iron 
obtained  from  the  lias-measures  of  North  Yorkshire,  Northamptonshire, 
or  Lincolnshire.  There  is  however  no  doubt  that  the  question  of  au 
inexhaustible  supply  of  raw  material  being  now  at  our  command  is 
entirely  settled  by  the  Basic  process  in  our  favour;  and  that,  so  far  as 
economical  production  of  steel  and  economical  transport  to  a  neutral 
country  are  concerned,  the  British  manu&cturers  are  in  a  position  not 
inferior  to  that  of  any  other  nation.  At  the  same  time,  as  will  be 
hereafter  shown,  we  do  not  by  any  means  stand  alone  iu  the  possession 
of  what  may  now  be  regarded  as  the  most  abundant  and  cheapest 
^urce,  whence  to  supply  the  blast  furnaces  with  the  needful  ore. 

To  avoid  the  use  of  unnecessary  figures  the  output  of  ore  for  three 
years  beginning  1870  in  the  five  countries  selected  for  examples  are 
given  below  (000  omitted): — * 


United  Kingdom.  United  StefeM. 

Gennany. 

Fnuwe^ 

Belglmn. 

1870  ... 

...     14^70               8^10 

3,839 

2,899 

664 

1876  ... 

...     16,821               4,600 

4,730 

2,640 

366 

1881  ... 

...     17,446              7,974 

7,673 

3,600 

200 

The  importation  of  iron  ore  by  iron-making  countries  has  of  late 

*  Authorities— Robt.  Hunt,  F.R.S.,  Mining  Record  Office;  lion  Trade  Asfoda- 
tionj  and  Job.  Pechar. 
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years  assumed  proportions  of  great  magnitude.  Twenty  years  agt> 
such  transactions  were  all  but  unknown,  and  so  late  as  1870  tk 
quantities  so  dealt  with  were  insignificant. 

Iron  ore  exported  and  imported  by  the  five  principal  iron  makixi^ 
countries,  and  by  Italy,  for  the  three  years  named,  in  thouflands  of  torn, 


was: — 

Imported. 

Bzportod 

Great  Britain. 

..1870 

••• 

••• 

400» 

NIL 

1880 

... 

.*• 

8,060^ 

95 

1881 

« «• 

••• 

2,803' 

68 

United  States. 

..1870 

.  ■ . 

... 

17 

NiL 

1880 

... 

••• 

4d8 

Nil. 

1881 

••• 

•   .  V 

782 

NU. 

Germany 

..1870 

... 

... 

300 

84 

1880 

... 

... 

607 

1,26S« 

1881 

• . « 

... 

615 

1,448» 

France... 

..1870 

t  •• 

... 

489 

145 

1880 

... 

•  •  . 

1,168 

114 

1881 

• .  • 

... 

1.287 

88 

Belj^um 

...1870 

... 

•  .  • 

568 

179 

1880 

... 

.  •  ■ 

921 

347 

1881 

* . « 

•  .• 

1,169 

366 

Italy    ... 

..1870 

... 

•  •• 

40 

1880 

»•• 

... 

297 

1881 

•«• 

••« 

330 

In  respect  to  the  five  iron  making  countries,  with  the  exoepdon 
of  Belgium,  this  large  importation  cannot  be  said  to  arise  from  any 
inability  in  the  domestic  mines  to  compete  with  those  abroad  in  die 
matter  of  cheapness.  The  change^  as  already  intimated,  has  been  ahnost 
exclusively  due  to  the  demand  for  iron  sufficiently  free  from  phosphorus 
to  afford  material  for  the  Bessemer  and  Siemens-Martin  steels,  the  make 
of  which  has  so  greatly  increased  in  the  last  ten  years.    The  nature  of 

^  InclndeB  purple  ore,  i.e.  the  oxide  of  iron  obtained  after  treating  cnpRoo* 
pyrites  in  the  wet  way. 

*  This  large  increase  of  exports  from  Qermany  is  probably  dne  to  the  annexatica 
of  Alsace-Lorraine  and  the  Duchy  of  Luxemburg  being  included  in  the  Gennin 
ZoU  Yerein. 
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this  increase  will  be  best  understood  by  a  reference  to  the  increase  in 
Bessemer  steel  between  1870  and  1881 ;  the  weight,  in  thousands  of 
tons,  being : — 


Oreftt  Britain. 

United  states. 

Germany. 

France. 

Belgium 

Total. 

1870     .. 

215 

40 

125 

83 

6 

469 

1880     .. 

1,044 

1,074 

686 

384 

95 

3,283 

1881     .. 

1,673 

1,696 

993 

454 

170 

4,986 

The  Mining  Records  for  the  year  1865  do  not  distinguish  foreign 
ores  imported  into  the  United  Kingdom  from  those  which  have  arrived 
coastwise  from  British  mines.  From  the  information  given  it  would 
not  appear  that  the  quantity  received  from  foreign  countries  can,  for 
that  year,  have  amounts  to  10,000  tons.  In  the  year  1867  as  much 
as  86,568  tons  of  foreign  ores  were  imported  which,  as  we  have  seen, 
grew  to  400,000  tons  in  1870  and  to  above  three  millions  in  1880. 

So  long  as  Great  Britain  could  supply  her  own  wants  from  more 
cheaply  wrought  ores  for  Bessemer  iron,  than  other  nations  could 
obtain  similar  ores  from  native  mines  or  by  way  of  importation,  the 
British  manufacturer  enjoyed  corresponding  advantages  as  compared 
with  his  foreign  competitors.  Now  however  that  there  is  imported 
into  the  United  Kingdom,  a  quantity  of  ore  more  than  equivalent  to 
furnish  pig  iron  for  all  the  steel  made  within  its  own  boundary,  it  is 
clear  that  it  no  longer  enjoys  the  favourable  position,  comparatively 
speaking,  which  it  formerly  occupied.  The  British  and  foreign  steel 
maker  pay  the  same  price  for  their  ore  at  the  port  of  shipment,  and  any 
difference,  on  the  one  side  or  the  other,  is  confined  to  the  respective 
costs  of  conveyance  from  such  port  to  the  place  of  consumption. 

Before  leaving  the  subject  of  iron  ore,  I  would  wish  not  only  to 
point  out  the  extraordinary  increase  in  the  production  of  iron  furnished 
by  the  mines  of  the  United  Kingdom  in  the  last  fifty  years,  but  also 
to  direct  attention  to  the  extraordinary  change  in  the  sources  of  that 
production.  For  this  purpose  the  makes  of  pig  iron  for  the  years  1880, 
1860,  1870,  and  1880  are  compared,  and  to  these  1882  is  added.  I 
am  not  acquainted  with  any  trustworthy  records  of  the  ore  raised  in 
1880,  and  those  for  1882  not  being  issued,  my  comparison  in  respect 
of  ore  must  necessarily  be  confined  to  the  years  1860,  1870,  and  1880. 
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MAKE  OP  PIG  IRON  IN  GREAT  BRITAIN. 


Cleveland,  inclad- ) 
ing  Durham  and  >• 
Northumberland  ) 

Nortbamptonflhire . . . 

Lincolnshire 

Derbyshire  and  Notts 


Cumberland     and ) 
Lancashire  J 

Scotland     

South  Wales 

Sonth  Staffordshire 

North  Staffordshire 

West    and    South) 
Yorkshire  j 

Shropshire ... 

Gloucester,  WUt 
shire  and  Somer 
setshire 

North  Wales 


■■\ 


1830. 

6,827 

NiL 
NU. 
17,999 

23,326 

Nil. 

37,500 
277,643 
212,604 

Nil. 

28,926 
78,418 


1860. 


1870. 


188a 


658,679   1,627,557   2,416,418   2,688,650 


7,595 
NU. 
125,850 

792,124 

169,200 

937.000 
969,025 
469,500 
146,950 

98,100 

145,200 

50,293 


43,166    178.714 

31,690    207.704 

179,772    866,792 


25,000    49,360 


1,882,185 
677,906 

1,206,000 
979,193 
588,540 
303,378 

77,717 

112,300 

93,601 

42,696 


8,169,628 

1,541,227 

1,049,000 
889,738 
884,556 
225,023 

306,560 

88,338 

37,351 
67,812 


192^15 

aoi^ 

445,735 
S,528j061 

i,788,da) 

1,126,000 


317417 
398,443 

279,253 

80,475 

48,000 
40,713 


678,417     3326,752      5,963,515      7,749,233      8,498,287 


In  a  French  work^  written  in  1837  the  authors  mention  that  in 
1740  the  make  of  iron  in  England  was  17,850  tons  obtained  from  59 
furnaces ;  equal  therefore  to  294*11  tons  each  per  annum,  or  5*18  tons 
per  week.  They  state  that  the  ores  chiefly  used  were  brown  and  red 
hematites.  Earthy  ores,  ''mines  terreuses/'  were  also  smelted;  but 
it  does  not  appear,  according  to  the  authority  just  quoted,  that  the 
clay  ironstones  of  the  coal-measures,  "minerais  de  fer  carbonate  des 
houilldres/'  were  known  in  the  beginning  of  the  last  century.  In 
opposition  to  this  condition  of  things  the  authors  of  the  "Voyage 
M^tallurgique/'  when  they  wrote,  attribute  that  marked  superiority  of 
Britain  as  an  iron-producing  country  over  all  other  European  nations^ 
to  the  possession  of  the  clay  ironstone  referred  to. 

1  "Voyage  M^taUurgiqne "  par  MM.  Dnfrenoy,  l^lie  de  Beaamont,  Coste  et 
Perdonnet.     Vol.  I.,  p.  221. 

'  Idem.     Vol.  I.,  p.  2. 
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According  to  the  figures  contained  in  the  Mining  Records  of 
Great  Britain,  it  would  appear  that  in  the  year  1880  the  iron  ores 
raised  may  be  divided  under  the  following  heads : — 

Tons. 

Iron  ores  from  the  coal-measures  5,397,477 

,f       from  hematite  veins,  etc ...      3,809,074 

„       from  the  the  lias-measures     9,319,498 


18,026,049 
Imported — Burnt  ore  from  cupreous  pyrites     427,730 

„  Hematite       2,632,601 

3,060,331 


21,086,380 


Approximately  the  pig  iron  capable  of  being  produced  by  these 
ores  would  be  as  follows : — 

Tons.  Per  Cent 

From  the  clay  ironstone  of  the 

coal-measures      30  per  cent.  -=   1,619,243  «  20*59 

From  hematites  of  aU  kinds...  50       „  -  1,654,537  -  21*04 


From  the  lias-measures,  average 

yield  taken  at      32^     „ 

From  the  imported  ore  ...  51        „ 


3,273,780 

'  3,028,836 
1,660,768 

«  38-52 

=  19  85 

7,863,384 

100- 

The  actual  make  of  pig  iron  in  1880,  according  to  the  Mining 
Eecords,  was  only  7,749,233  tons,  of  which  a  certain  proportion  would 
however  be  smelted  from  mill  and  forge  cinders. 

The  difference  between  the  two  sets  of  iSgures  may  chiefly  arise 
from  the  yield  of  the  different  kinds  of  ores  being  taken  a  little  too 
high ;  or  from  an  accumulation  of  stocks  of  ore,  all  that  which  was 
raised  or  imported  not  having  been  used. 

In  order  to  exhibit  the  position  of  each  iron-producing  centre  of 
the  United  Kingdom,  tables  have  been  constructed  for  the  years  1860, 
1870,  and  1880,  showing  the  ore  raised  and  the  pig  iron  produced, 
from  which  an  estimate  is  made  of  the  quantity  of  metal  smelted  in 
other  districts  than  those  where  the  ore  is  obtained. 
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Fob  thb  Ybab  1860. 


I 


>   31 


Per 

Cent, 
of  Iron. 

Cleveland,  including 

Northumberland 

and  Durham,  ore 

taken  at  ) 

Northamptonshire     I    otj 

and  Oxfordshire    J 

Lincolnshire 33*3 

Derbyshire  and  Notts.  33  3 
Cumberland    and     f    go 

Lancashire  i 

Scotland        32 

South  Wales 30 

South  Staffordshire  ( 

and  Warwick  ( 
North  Staffordshire.. 
West    and    South  ) 

Yorkshire  ) 

Shropshire     ... 
Gloucester,   Wilts., 

Hampshire,   and 

Somersetshire 

North  Wales 333 

Ireland,  etc 33*8 


Ore 

Balsed. 
Tons. 


1,483,819   =• 

101,497  - 

16.892   « 
375,500  = 

989.610  - 

2,150.000  - 
630,705   = 


Equintlent 

Pig  Iron. 

Tons. 


Eqnfralciit  to 

Pif  Iron  froin 

Tig  Iron     Ore  teoa^i     Ore 

Le.    ftt>m  elaewbere. 


Piglp 
Blade 
Tons. 


Tons. 


459,983   658,679   198,696   — 


•  ■ « 


35 

805,200  -■ 

32 

738.229  - 

33-3 

255,700  = 

33-3 

165,500  = 

40    196,892 


85.097  - 
29,571  - 


37,553 

5,631 
125,166 

524,493 

688.000 
189,211 

281,820 

236,233 

85,233 

55,166 

78,756 

28,366 
9,857 


7,595 

NiL 
125,850 

169.200 

937,000 
969,025 

469.500 

146.950 

98,100 

145,200 

50,293 

49,360 


—  29,958 

—  5,651 
684  — 

—  365,298 

249.000  — 

779,814  — 

187,680  — 

—  89.283 
12,867  — 
90,034r  — 

—  28,463 

20,994  — 

—  9,857 


8,024,212        2.805,468  3,826752   1.539,769    518,485 


No  foreign  iron  ore  imported,  according  to  "  Mining  Records,"  in  the  jeax  1860. 


Fob  thb  Ybab  1870. 


Per 
Cent, 
of  Iron 
Cleveland,  including  \ 

Northumberland    ( 

and  Durham,  ore  I 

taken  at  ) 

Northampton    and 
Oxfordshire 

Lincolnshire  ... 

Derbyshire  and  Notts.  33*8 

Cumberland    and 


Ore 
Raiaed. 
Tons. 


EqttiT»lent 
nglron. 
Tons. 


BqaivaloDtto 

Pic  Iron  tnok 

Pis  Iron      Ore  broo^i     Ore 

Made,     from  elsewhere. 

Tons.  Tons. 


31      4^8,220  -»   1,332,448    1,627,567      295,109       — 


I    37         800,051   - 


33*3 


Lancashire 
Scotland 
Bouth  Wales... 
South  Staffordshire 
North  Staffordshire 
West    and    South 

Yorkshire 
Shropshire     ... 
Gloucester,    Wilts., 

Hampshire,  and 

Somersetshire 
North  Wales... 
Ireland,  etc  .... 


I 


53 

32 
30 
35 
32 

33-8 

33-3 


248,329 
384,865 

2,093,241 

3.500.000 
560,055 
467,500 
910,134 

307,717 

337-627 


296,018  43,166 

82,776  31,690 

128,288  179,772 

1,109,417  677,906 

1,120.000  1,206,000 

168,016  979.193 


40    304,665 


33*8 
33-3 


59,240 
99,010 


163,625 
291.242 

102,572 

112,542 

121,866 

19,746 
33002 


588,540 
303.378 

77,717 
112,300 

93,601 

42,695 

NiL 


—  252JB52 

—  51,086 
51,484       - 

—  481^U 

86,000  — 

811,177  — 

424,915  — 

12,136  — 

—  24,855 

—  242 


22,948       — 
—        33,002 


14.370,654        5.081.558  5.963,515  1,703,770     821,813 


No  iron  ore  imported,  according  to  "  Mining  Records,"  in  the  year  1870. 
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Fob  the  Ybab  1880. 

EqntTalent  to 
Pig  Iron  from 

Per          Ore             Eqaivalent  Pig  Iron  Ore  brought  Ore  sent 

Cent       Ba<«eA            Pig  Iron.  Blade,     from  elsewhere,  elsewhere, 

of  Iron.       Tons.               Tons.  Tons.  Tons.  Tons. 

Cleveland,  including  ^ 

Northumberland    (   g^    g  523  oil  -  2,023,683  2,416,418  892,735  — 

and  Darham.  ore  t             *      '               1      »  »      . 

taken  at  ) 

""""^^^TA^^  \   «^    I'^IO'' «>  -     ««5,981  178,714  -  417,267 

Lincolnshire 33-3  1,154,584=     384.861  207,704  —  177,157 

Derbyshire  and  Notts.  33*3     152,512  «       50,837  366.792  315,955  — 

^Ta^hbe  ^""^      1    ^^    2,759,407  -  1,462,485  1,541,227  78,742  — 

Scotland        32    2,6^,483  =     852.634  1,049,000  196,366  — 

South  Wales 30       343.927-     103,178  889,738  786,560  — 

South  Staffordshire...  35        399,745-     139,910  384,556  244,646  - 

North  StafiFordshire...  32     1,398,693-     447,581  225,023  —  222,558 

^^rkSb^e  ^"^^    1    ^"^    286,698  -      95,566  306,560  210,994  — 

Shropshire     33*3     226,721  -       75,573  88,338  12,765  — 

Gloucester,    Wilts.,  ) 

Hampshire,    and  [   40       189,854  -       75,941  37,351  —  38,590 
Somersetshire        ) 

North  Wales 33*3      43,016-       14,338  57,812  43,474  — 

Ireland,  etc 333    267,849  -       89,283  Nil.  —  89,283 


18,026.260       6,411,851 
Imported       60    3,060,331       1,530,165  —  —        1,530,165 

21,086,591       7,942.016    7,749,233   2.282,237  2,476,020 


What  is  particularly  wished  to  be  pointed  out  is  the  great  change 
which  fifty  years  have  produced  in  the  character  of  the  minerals  em- 
ployed in  the  iron  works  of  Qreat  Britain.  In  1830  there  were  only 
5,327  tons  of  iron  furnished  by  that  class  of  ore  now  so  extensively 
mined  in  North  Yorkshire,  Northamptonshire,  Lincolnshire,  etc. 
Against  this  we  have  in  1880  no  less  than  3,028,836  tons  of  pig 
metal  were  derived  from  the  lias-measures  of  these  counties. 

The  possession  of  a  bed  of  ironstone  varying  from  four  to  fourteen 
feet  in  thickness,  and  occurring  in  several  large  fields  in  a  line  extending 
from  the  mouth  of  the  Tees  to  the  British  Channel,  is  of  course  an 
enormous  advantage  to  the  United  Kingdom  in  an  iron-producing 
point  of  view.  We  do  not  however,  as  has  been  intimated  in  the 
present  section,  stand  alone  in  this  enviable  position  as  mineral  ownei-s. 


458  SECTION  XV. — ^STATISTICAL. 

A  similar  stretch  of  country,  geolo^callj  speaking,  takes  its  rise  ib 
Germany,  and  passing  through  the  Duchy  of  Luxemburg  terminates 
in  France.  At  Luxemburg,  Hayange,  and  in  the  neighbourhood  of 
Nancy  the  beds  of  ironstone,  found  in  the  measures  referred  to,  an 
extensively  worked.  The  importance  of  the  deposit  will  receive  fur- 
ther notice  when  a  comparison  is  attempted  to  be  drawn  between  the 
iron-making  minerals  of  the  United  Kingdom  and  those  of  oUba 
nations. 

According  to  the  Mining  Records  no  pig  iron  was  prodaoed  in 
Lancashire  or  Cumberland  in  1880.  Practically  this  is  so,  although 
a  small  quantity  of  charcoal  iron  was  smelted  from  the  hematite  of  die 
district  anterior  to  the  year  in  question — ^a  process  which  is  still  cod- 
tinued.  Whatever  ore  was  raised  there — ^and  it  amounted  to  579,^24 
tons  in  1854 — was  used  almost  entirely  in  the  furnaces  of  South  Walei 
and  South  Staffordshire.  In  1830  probably  not  one-half  this  quantiij 
would  be  raised;  whereas  in  1880  there  were  mined  in  Cumberland 
and  Lancashire  2,759,407  tons  and  there  were  imported  3,060,331  tons, 
making  together  nearly  5,750,000  tons  of  hematites,  mainly  used  for 
Bessemer  and  open-hearth  steel.  Of  clay  ironstone  from  the  coal- 
measures,  which,  when  the  authors  of  the  "Voyage  M^tallurgiqae'' 
wrote,  was  the  source  of  our  supremacy  as  iron  makers,  we  raised  in 
1880  5,397,477  tons,  equal  perhaps  to  1,800,000  tons  of  pig  iron,  or 
less  than  one-fourth  of  the  make  of  that  year. 

Since  the  work  just  referred  to  was  written,  great  changes  have 
taken  place  in  the  comparative  importance  of  the  clay-ironstone  of  the 
coal-measures.  South  Wales  still  occupies  a  prominent  place  as  an  iron- 
making  centre,  but  its  blast  furnaces  are  almost  exclusively  supplied 
with  imported  ores  for  the  production  of  Bessemer  steel.  South 
Staffordshire  has  declined  nearly  20  per  cent,  in  its  production  of  pig 
iron  between  1860  and  1880,  and  of  the  reduced  quantity  a  part  is 
obtained  from  Northamptonshire  ore.  The  Derbyshire  ftunaces  are 
similarly  supplied  with  ironstone,  the  quantity  obtained  from  the 
neighbouring  collieries  being  insignificant.  The  only  important  iron- 
making  locality  which  maintains  its  ancient  position  in  connection 
with  the  output  of  clay  ii*onstone,  is  Scotland,  which  in  1880  raised 
2,659,817  tons.  Of  this  quantity  very  little  more  than  one-half, 
1,435,647   tons,  was  the  famous  Black  Band  which  formerly  was 
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almost  exclusively  used  in  the  Scotch  furnaces.  The  remainder, 
owing  to  the  partial  exhaustion  of  the  Black  Band  mines,  was  ordinary 
clay  band  ironstone. 

We  have  just  seen  how  a  great  revolution  materially  altered  the  com- 
plexion of  the  pig  iron  trade.  "Within  the  last  ten  years  the  manufacture 
of  malleable  iron  received  a  check  which  by  many  was  regarded  as  its 
death-blow;  and  indeed  this  prophecy  has  been  actually  realized  so  far  as 
the  works  in  South  Wales  are  concerned.  It  became  evident  about  the 
year  1874  or  1875  that  steel  rails  were  being  made  at  such  a  price  and 
of  such  a  quality  that  iron  as  a  material  for  rails  would  speedily 
become  a  thing  of  the  past.  This  prediction  has  been  fulfilled  in  the 
district  of  which  Middlesbrough  is  regarded  as  the  centre,  and  the 
make  of  malleable  iron  in  consequence  fell  in  1879  to  47  per  cent,  of 
what  it  was  in  1873.  Fortunately  in  the  last  three  years  the  demand 
for  iron  for  shipbuilding  purposes  has  absorbed  all  the  iron  formerly 
required  for  rails,  as  may  be  seen  by  comparing  the  year  of  the  largest 
make  of  this  article,  viz.,  1873,  with  1882 : — 

Produotlon  In  Thou- 
sands of  Tons. 
1873.  1882. 

xvftils         ...         ...         ...         ...         ...         ...  37^  7 

Plates       191  498 

Angle  bars  51  150 


616  655 


Mr.  Edward  Williams  has  prepared  a  statement  of  the  make  in  the 
neighbourhood  referred  to,  and  by  his  permission  I  give  it  a  place 
here.*    The  make  in  thousands  of  tons  was  distributed  as  follows : — 


1872 

Totftl 
Tons. 

702 

Rails. 
Per  Gent. 

49 

Plates. 
Per  Cent. 

29 

Angles. 
Per  Gent 

10 

Bars. 
Per  Gent 

12   =    100 

1873     

707 

53 

27 

7 

13 

=  100 

1874 

671 

45 

31 

9 

16 

=  100 

1875 

646 

44 

31 

7 

18 

-   100 

1876 

484 

26 

41 

12 

21 

«   100 

1877 

455 

9 

54 

17 

20 

=   100 

1878 

485 

5 

55 

21 

19 

=  100 

1879 

833 

2 

60 

17 

21 

=   100 

1880 

584 

6 

63 

18 

14 

-   100 

1881     

667 

3 

67 

18 

12 

-   100 

1882 

726 

1 

68 

21 

10 

-   100 

The  table  is  not  quite  correct  as  one  or  two  works  made  no  return. 
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According  to  these  retains  not  onlj  are  there  no  signs  at  presssi 
of  decadence  in  the  malleable  iron  trade  of  the  centres  connected  with 
Cleveland,  but  there  is  an  increase  in  1 882  over  any  previous  year  d 
its  history. 

No  authentic  record  having  been  kept  of  the  malleable  iron  trade 
of  the  entire  kingdom  until  very  recently,  we  are  nnable  to  judge  of 
the  comparative  posrtion  of  Cleveland  by  a  reference  to  the  total 
production.  Enough  however  is  known  to  justify  the  assertion  that 
the  favourable  turn  which  has  manifested  itself  in  the  more  northern 
counties,  is  merely  the  result  of  the  decay  of  the  trade  elsewhere. 
Mr.  Robert  Hunt,  in  the  records  so  often  referred  to,  gives  the  number 
of  puddling  furnaces  at  work ;  and  the  change  which  has  taken  place 
in  South  Wales  and  South  Staifordshire  speaks  for  itself : — 


Total 

3.406 
2.1  ti 


South 
Wales 

Sonth 
StaffordBliire. 

1872. — Puddling  farnaces  at  work 

1,251 

2.155 

1880.                1,                    „ 

517 

1.625 

Decrease   . . . 


Percentage  of  decrease  ... 


734 


58-6 


530 


24*6 


1,264 


371 


Mr.  Jeans  gives  2,681,000  and  2,841,000  tons  as  the  make  of 
malleable  iron  in  the  United  Kingdom  for  the  years  1881  and  1882 
respectively.  In  1873  the  make  of  Bessemer  and  open-hearth  steel 
would  not  much  exceed  500,000  tons.  In  1882  this  has  risen  to  more 
than  2,100,000  tons;  and  how  far  or  how  rapidly  this  substitution  of  steel 
for  iron  has  yet  to  advance  it  would  be  difficult  to  predict.  Iron  rails  have 
been  displaced  by  those  of  steel,  and  the  puddling  furnaces,  thus  laid  idle, 
have  found  employment  in  furnishing  plates  for  the  shipbuilders.  But 
whereas  in  1877  the  tonnage  of  vessels  built  of  steel  was  1,118,  in  1881 
it  had  risen  to  71,533.  Has  the  puddler  before  long  to  see  his  occupa- 
tion in  connection  with  shipbuilding  follow  the  example  of  the  rail 
trade  ?  If  so,  where  has  he  to  look  for  relief?  No  one  questions  die 
superiority  of  steel  over  iron  for  naval  architecture.  The  only  barrier 
to  its  exclusive  use  is  one  of  price,  which  is  due  simply  to  considerations 
of  a  mechanical  order  in  the  rolling  mill  itself.  So  far  as  the  mere  con- 
version of  the  pig  iron  into  a  malleable  product  is  concerned,  the  pud- 
dling furnace  is  doomed,  at  all  events  for  the  production  of  a  material 
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for  the  shipbuilder.  And  many  other,  we  may  say  most  other  trades, 
for  which  paddled  iron  is  now  used,  in  the  course  of  time,  will 
be  supplied  from  the  Bessemer  converter  or  from  the  open-hearth 
furnace. 

The  consumption  of  limestone  as  a  flux  is  not  a  serious  item  in  the 
matter  of  quantity,  varying  as  it  does  from  5  to  15  cwts.  per  ton  of 
iron,  when  of  moderate  purity.  It  is  moreover  a  mineral  of  very 
inexpensive  extraction,  from  the  great  thickness  of  the  strata  which 
are  usually  accessible  by  mere  quarrying.  Variations  of  cost  at  the 
smelting  works  are  chiefly  due  to  distances  of  carriage ;  but  usually 
these  are  not  very  great  on  account  of  the  vast  calcareous  beds,  which 
are  found  equally  among  the  older  and  newer  geological  formations. 
The  cretaceous,  oolitic,  magnesian,  carboniferous,  and  silurian  lime- 
stones, are  thus  all  contributors  to  the  flux  needed  by  the  iron  smelter. 
It  often  happens  that  the  Umestone  of  the  magnesian  formation  is  as 
free  from  magnesia  as  any  other;  but  frequently  this  is  not  so,  and  then 
the  rock  sometimes  containing  30  per  cent,  and  more  of  magnesian  car- 
bonate is  used.  The  consequent  inconvenience  is  the  introduction  of 
a  quantity  of  matter,  which  having  little  or  no  value  in  the  process 
occasions  a  decrease  in  the  production  of  the  furnace,  and  a  somewhat 
greater  consumption  of  ftiel ;  not  only  on  account  of  the  increased 
weight  of  inert  matter  to  be  fiised,  but  probably  also  on  account  of  the 
solvent  action  of  the  additional  carbonic  acid  on  the  coke. 

It  has  been  observed  on  a  previous  page  that  the  abolition  of  pro- 
tective duties  would  not  necessarily  be  accompanied  by  a  very  large 
extension  of  our  dealings  with  those  countries  which  Q^ek  to  exclude 
us  irom  their  markets.  It  may  quite  well  happen  that  the  importing 
country  can  manufacture  a  commodity  in  competition  on  equal  terms 
with  the  country  which  supplies  it;  and  yet,  the  demand  at  certain 
periods  being  beyond  the  powers  of  the  former,  the  latter  is  called  upon 
to  make  up  the  difference,  which  it  is  able  to  do  at  the  higher  prices 
then  ruling. 

Germany  may  be  taken  as  an  example  for  illustration. 

Beginning  with  the  year  1860  the  duty  that  year  was  208.  5d.  per 
ton  on  pig  iron  imported.  Taking  the  selling  price  at  Middlesbrough  at 
that  time,  viz.  about  45s.,  and  adding  the  carriage  and  duty,  a  ton  of 
Cleveland  iron  delivered  in  the  Westphalian  Works  would  cost  about 
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80s.  The  entire  make  of  Prussia  dnring  1860  was  395,000  tarn, 
while  that  imported  wonld  probably  be  about  100,000  tons.^  I  cannot 
speak  positively  as  to  the  net  cost  of  pig  iron  in  Germany  at  thk 
period;  bat  that  the  difference  between  the  cost  and  the  selling  price 
was  not  inconsiderable  may  be  inferred  from  the  fiict  that  bj  the  end 
of  1864  the  Prussian  make  had  risen  to  705,000  tons.  It  has  to  be 
observed  that  the  average  price  of  Cleveland  iron,  over  the  five  yeais 
nnder  consideration,  was  50s.  at  Middlesbrough;  and  that  its  valne  hid 
now  begun  greatly  to  influence  Continental  prices. 

In  1865  the  duty  was  reduced  from  20s.  5d.  to  15s.  3d.  jet  wifih 
out  stimulating  the  importations,  which  remained  stationary  nntn  ^ 
end  of  1868.  In  that  year  the  price  of  pig  iron  at  Middlesbroogh  had 
fallen  to  4:8s.;  but  in  the  meantime  the  product  of  Prussia  had  riaai 
to  1,053,000  tons,  although  Middlesbrough  iron  could  now  be  landed 
on  the  Ehine  at  fully  7s.  per  ton  lower  than  in  1860. 

In  1868  the  import  duty  experienced  a  further  redaction  of  58.  Id. 
leaving  it  at  10s.  2d.  per  ton,  at  the  same  time  that  Middlesbrough 
iron  was  4s.  per  ton  cheaper  than  when  the  duty  was  rednoed  from 
20s.  5d.  to  15s.  Sd.  Notwithstanding  the  increased  competdtion 
arising  from  this  combination  of  circumstances  the  Prussian  make 
reached  1,180,000  tons  by  the  end  of  1869. 

In  the  following  year  (1870)  the  duty  was  lowered  to  58.,  the  price 
of  iron  in  Middlesbrough  being  only  2s.  higher  than  it  was  in  I860: 
and  at  this  price  or  thereabouts  it  remained  till  the  close  of  1871,  bv 
which  time  the  production  in  Prussia  had  risen  to  close  on  1,300,000 
tons.     From  1878  to  1876  pig  iron  was  admitted  duty  free. 

All  this  movement  indicates  that  the  reduction  of  duty  from 
20s.  5d.  in  1860  to  5s.  in  1870  had  not  prevented  the  make  in  the 
Prussian  dominions  from  advancing  from  895,000  to  1,800,000  tons, 
•or  threefold. 

It  has  to  be  remarked  that  the  make  was  increased  by  168,000  tons 
in  the  three  years  ending  1870,  although  the  average  price  of  pig  iron 
was  no  more  than  it  was  in  1860,  when  it  was  considered  that  the 
home  pig  iron  manufacturers  required  a  protective  duty  of  206.  5d. 
per  ton. 

'  Scrap  iron  being  included  in  the  oiiicial  retnrns,  the  actual  weight  of  pig  iron 
can  only  be  gfiven  approximately.  Holland  is  included,  most  of  its  imports  being 
in  transitu. 
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• 

In  1872  the  production  was  close  on  one  and  a  half  millions  of 
tons;  and  this  was  increased  during  1878  by  120,000  tons,  although 
during  this  year  the  duty  was  entirely  abolished.  This  latter  circum- 
stance however  had  no  influence  on  the  action  of  the  Prussian  iron  trade, 
probably  owing  to  the  great  rise  in  prices  generally  throughout  the 
world;  Middlesbrough  pig  iron  having  in  1878  touched  £6  and  Scotch 
£6  15s.  per  ton. 

All  experience  justifies  the  conclusion  that,  whenever  profits  in  any 
particular  branch  of  industry  attain  a  position  superior  to  that  in  other 
manufactures,  capital  is  attracted  thither;  and  apparently  it  matters 
little  by  what  means  this  position  is  arrived  at. 

It  is  therefore  not  surprising  that  the  Prussian  nation,  encouraged 
by  the  price  of  pig  iron  artificially  raised  by  duties  levied  between 
1860  and  1872  and  afterwards  by  the  commercial  excitement  of  1872, 
and  following  year,  should  have  added  to  their  powers  of  production  in 
the  manner  described. 

Almost  contemporaneously  with  the  abolition  of  duty  in  Prussia, 
pig  iron  reached  its  highest  point  in  Great  Britain ;  from  which  it 
steadily  declined  until  in  1878,  it  was  selling  as  low  as  82s.  at  Middles- 
brough, and  all  Europe  felt  this  change,  as  we  did.  From  the  year  1880 
up  to  1874,  it  very  rarely  happened  that  the  make  of  any  one  year 
was  not  in  excess  of  that  of  the  twelve  months  preceding;  and  so  far  as 
the  means  I  possess  enable  me  to  judge  the  falling  off  did  not  at  any  time 
extend  beyond  one  year.  But  both  in  1874  and  1879  the  production 
of  pig  iron  in  the  United  Kingdom  was  about  three-quarters  of  a 
million  below  that  of  1872 ;  and  the  average  make  of  the  entire  six 
years  ending  in  1879  was  440,000  tons  under  the  average  of  the  three 
years  terminating  with  1873.  No  doubt  the  Prussian  markets  were 
affected  by  the  large  importations  from  Great  Britain ;  which  averaged 
523,000  tons  per  annum,  for  the  six  years  ending  1879,  instead  of 
796,000  tons  (Holland  included),  which  was  the  average  of  the  two 
years  anterior  to  1874.  Prussia  in  the  meantime  had  raised  her  powers 
of  production  of  pig  iron  to  within  a  trifle  of  two  millions  of  tons  per 
annum;  or  nearly  one-half  more  than  it  stood  at  in  1871  and  1872,  the 
years  of  high  prices.  In  other  words,  her  increase  of  make  was  about 
600,000  tons,  not  far  from  the  same  quantity  she  was  receiving  in  the 
way  of  importation.    It  is  not  extraordinary,  under  such  circumstances, 
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that  the  Prussian  ironmafiters  should  feel  oppressed  bj  the  oompetitioD 
which  had  arisen  among  tJiemselves,  and  which  in  point  of  fact  was,  it 
seems  to  me,  &r  more  to  blame  than  that  offered  by  Great  Britain. 

Another  difficulty,  to  which  the  iron  manu&ctare  is  ezpoaei 
possibly  intervened  to  aggravate  the  distress  felt  in  Germany  by  thoK 
engaged  in  the  trade.  In  the  prosperous  times  wages  had  natordlT 
risen;  but  the  enhanced  rates  continued  to  be  paid,  long  after  the  iroo- 
master  could  afford  to  pay  them.  This  was  certainly  the  case  in  tk 
United  Kingdom^  and  it  was  pre-eminently  so  in  the  TTnited  States. 
The  imposition  of  a  duty  of  25s.  per  ton  on  pig  iron,  and  double  this 
on  malleable  iron,  was  followed  by  a  corresponding  rise  in  value  of 
these  commodities  in  America.  The  high  prices  of  1872  and  1873  io 
Great  Britain  were  immediately  felt  on  the  other  side  of  the  Atlantic: 
and  in  consequence  the  cost  of  producing  pig  iron  rose  from  47^.  9d. 
to  98s.  7d.  or  108  per  cent.,  at  which,  owing  to  the  increased  price 
of  materials  and  of  labour,  it  continued  long  after  many  of  the  ins 
manu&cturers  were  known  to  be  losing  money  on  every  ton  of  insi 
they  sold. 

In  Prussia  the  increase  in  the  pay  of  the  men  was,  as  wiU  be 
shown  hereafter,  very  much  less  than  in  the  United  Kingdom  or  in 
America;  but  still  the  trade  was  an  unprofitable  one,  and  those  who 
pursued  it  sought  relief  by  weighting  the  imported  iron  with  a  10s. 
duty,  which  was  imposed  in  1879.  It  remains  to  be  seen  whether  in 
the  course  of  years  and  in  times  of  good  demand,  this  artificial  augmen- 
tation of  price  will  not  be  followed  by  the  same  results  which  have 
marked  the  history  of  the  German  iron  trade  between  1860  and  187S. 

Belgium,  already  referred  to  as  a  country  supposed  to  be  able  to 
compete  on  British  soil  with  British  iron  makers,  in  reality  has  not 
greatly  altered  her  position  during  the  last  ten  years,  nntil  1880,  when 
the  make  of  iron  showed  an  increase  of  8  per  cent,  as  compared  with 
1870. 

In  the  year  1865  this  kingdom  raised  1,018,000  tons  of  iron  ore; 
but  in  1876  this  had  fallen  to  269,000  tons,  of  which  166,000  were 
exported,  chiefly  to  France.  In  1881  the  product  was  only  200,000, 
so  that  practically  Belgium  is  entirely  dependent  on  imported  ore  far 
her  blast  furnaces,  the  amount  imported  in  1881  being  1,169,206* 
tons,  as  against  301,000  in  1866  and  1,206,717  tons  in  1882. 

^  Part  of  this  was  probably  in  transit  to  Germanv. 


8KCTI0N  XV. — STATISTICAL.  465 

Up  to  the  jear  1866  the  daty  on  pig  iron  imported  into  Belgium 
was  198.  7d.9  and  on  bar  iron  898.  2d.  per  ton:  in  that  year  they  were 
reduced  to  48.  2d.  and  88.  respectively.  This  alteration  prodnced 
little  effect  on  the  quantity  of  pig  received  into  that  kingdom.  In 
1865  24,864  tons  were  imported  at  the  high  duty^  and  two  years 
after,  under  the  low  duty,  the  quantity  had  only  risen  to  about  42,549. 
The  import  gradually  increased  up  to  1872,  when  it  reached  187,()00 
toiLB.  In  the  meantime  however  the  home  production  had  risen  from 
470,767  tons  in  1865  to  655,565  tons  in  1872 — ^proving  conclusively 
that  the  lowering  of  duty  had  not  impeded  the  manufacture  of  pig  iron. 

Since  1872  the  iron  trade  in  Belgium  has  experienced  the 
yidssitudes  which  befel  the  same  trade  all  over  the  world;  but  it  may 
be  questioned  whether,  in  spite  of  its  small  protective  duties,  and  of  its 
being  nearer  to,  and  therefore  more  accessible  from,  the  United  Kingdom 
than  Germany  and  most  parts  of  France,  the  home  manufiusture  of 
this  enterprising  little  kingdom  has  not  stood  its  ground  as  weU  as 
others  protected  by  much  higher  tariff. 

The  following  tables  exhibit  the  position  of  the  Belgian  iron  trade, 
from  1870  to  1880,  in  thousands  of  tons : — 


_   of 

Vm.         1871         1873.       4Tnn  1880. 

ending  1878. 

Pig  iron  made      665        665        607        497  610 

„       imported           ...          82        137        146        183  206 

647        792        752       680  816 

exported^           ...          10         40         27         11  41 

Consnmed  «fc  home          ...        687        748        726        669  775 


MaUeable  iron  made 
Steel  made  

Steel  and  iron      497        617        601        485        546 


The  various  articles  of  wrought  iron  or  steel  imported  into  Belgium 
are  insignificant  in  amoxmt,  not  exceeding  15,000  tons  per  annum. 
The  cheap  rate  however  at  which  ore  and  pig  iron  are  imported,  aided 

*  Possibly  chiefly  in  transit  to  Germany,  and  is,  therefore,  deducted  from  the 
imports. 
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by  cheap  labonr,  has  enabled  that  country  to  carry  on  an  export  trade, 
folly  equal  to  a  consumption  of  one-third  of  the  pig  iron  it  has  made 
and  imported : — 


EXPORTS  FROM  BELGIUM. 


1877. 
Tou. 

187& 

1879L 
Tom. 

1880. 
Tons. 

Steel  (chiefly  rails) 

18,237 

26,956 

46,667 

46,577 

Iron  rails 

42,599 

34^273 

29,596 

28,124 

Plates 

16,223 

23,198 

23,301 

32302 

Wire 

2,086 

2,898 

8,393 

4^60 

Seetion  irons  ... 

113,150 

132,769 

154,495 

162^39 

Nails 

10.296 

9,096 

8,308 

10371 

Unclassed 

13,543 

17.610 

20,327 

20,247 

Castings 

1,999 

10,551 

12,862 

14,528 

218,083 

257,351 

298»939 

319348 

During  the  three  years  1875,  1876,  and  1877,  England  received 
of  the  above  articles  88,792,  86,752,  and  52,662  tons  respectively. 

52,000  tons  is  unquestionably  a  large  quantity  of  malleable  iron  to 
be  received  by  England  from  Belgium;  but  Belgium  is  the  last  place 
we  ought  to  regard  with  any  ill-will  in  I'eference  to  such  a  transaction, 
seeing  that  at  least  three  times  this  weight  of  British  pig  iron  has 
been  used  up  by  the  Belgian  manufacturers. 

In  1881  and  1882  the  weight  of  iron  and  steel  received  from 
Belgium  was  50,100  and  43,800  tons  respectively,  while  from  Germany, 
which  demands  protection  against  British  iron,  75,000  tons  in  the  year 
1881  and  72,000  tons  in  1882  were  landed  at  British  ports. 

With  France,  between  which  and  ourselves  extensive  commercial 
relations  exist,  we  do  but  little  in  iron,  owing  to  the  high  rate  of 
import  duties  levied  on  all  forms  of  the  metal.  These  rates  are  »> 
follows: — 


Pig  Iron. 
12s. 


Bar  Iron. 
408.  lOd. 


InmBaiU. 
408.  lOd. 


Iron  Plates. 
578.  Id. 


Steel  Bails. 
48s.  9d. 


Steel  Plates. 
738.  4d. 


With  the  exception  of  pig  iron,  our  transactions  may  be  said  to  be 
absolutely  nil.  In  1860  the  duty  on  this  article  was  89s.  2d.,  from 
which  it  was  reduced  to  82s.  in  1864,  and  finally  in  the  following  year 
to  128.  where  it  now  remains. 
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The  following  shows  the  make  and  importations  since  1866,  in 
thousands  of  tons: — 

1808.  1887.  1888.  1888.  1870. 1871. 1871  1873.  1874.  1875.  1876.  1877.  1878.  1879.  1888. 
Make  ..      989    931    934  1,018    923   880  1,8171.3061,433  1,4181,4831.8881,8881,3141,733 

Addlmpoit  143     156107187      8377183135188908184813    186    163     167 

u%  liott  iioii  M45  Tow  ^  iisso  liiE  utf  i^  Tjim  Tjm  Ziii  Tm  TH 

Deduct  oparted       33      18      81      88      16     14     36      46      51      48      69      40      50*     50>     60* 

''^Jjj^  1^}  Uia  iiora  iicoo  u»  ~9M ~^  iiioo  i^ 

From  these  figures  it  wonld  appear  that  at  least  90  per  cent,  of  all 
the  iron  nsed  in  France  is  French  make. 

As  regards  ore,  the  quantity  raised  in  France  during  the  twelve 
years  ending  1879  varied  from  2,099,000  tons  to  8,790,000  tons;  the 
average  being  2,770,000. 

In  1869,  the  first  of  these  years,  France  imported  592,000  tons  of 
t>re;  in  1880  she  brought  in  1,168,000,  equal  to  38  per  cent,  of  her 
consumption  during  the  three  years  ending  1880. 

Russia  produces  a  small  quantity  of  iron,  chiefly  smelted  with 
charcoal  and  discourages  all  importations  by  imposing  prohibitive 
Unties  as  follows: — 

Tlglxon.  Bar  Iron.  Iron  and  Steal  BaUs.       Iron  and  Steel  Plafeea. 

Il8.8d.        ...        788. 9d.        ...        988. 4d.        ...        lOSs.  4d. 

As  already  intimated  the  United  States  of  America,  Germany, 
France,  and  Belgium,  from  their  mineral  wealth  and  geographical 
position,  constitute  our  most  formidable  rivals  in  the  manufacture  of 
iron.  With  the  exception  of  Belgium  efforts  more  or  less  vigorous 
have  been,  and  are  still  being  made,  to  exclude  the  produce  of  Great 
Britain  from  entering  into  competition  with  that  of  home  origin. 
Under  these  circumstances  it  is  perhaps  worth  speculating  on  the 
prospects  of  the  non-producing  countries  being  able  to  absorb  any  por- 
tion of  British  made  iron,  for  which  future  legislation  abroad  may  compel 
us  to  seek  other  markets.  For  this  purpose  a  table  for  ten  years  has 
been  compiled  from  the  statistics  in  the  Report  of  the  British  Iron  Trade 
Association.^  In  it  have  been  inserted  the  quantities  of  iron  imix)rted 
by  the  chief  iron  producing  countries  to  which  Holland  has  been 

^  A88umed. 

'  The  weights  included  all  descriptions  without  reference  to  their  being  stee 
-wiongbt  or  cast  iron. 
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added,  because  a  large  portion  received  by  it  is  merely  m  bransitu^ 
chiefly  to  Oermany.     It  is  almost  needless  to  say  that  nearly  the  whole 
of  the  imports  in  question  is  derived  from  Great  Britain. 
The  following  are  the  qnantities  in  thousands  of  tons: — 

itn.    187S.    isTSw    mi.    isn.    isri    1877.    isn.    un,  uhl 

United  states      ...  927  970  488  283  206  158  167  157  717  135S 

0«mutny 306  428  381  216  299  298  284  289  259     269 

HolUnd 290  389  897  237  263  267  224  259  239     210 

Belgium —  163  175  110  109  115  98  90  83     116 

Fnnoe      84  108  110  84  104  112  123  112  101     117 

Russia      110  137  243  199  170  132  100  86  211     204 


1,717  2,190  1,794  1,129  1,151  1,062     996     993  1^0  2.271 
Other  countries  ...    1,462  1,192  1,163  1358  1,307  1,142  1,350  1,303  1,273  1,516 


3,169  3,882  2,957  2,487  2,458  2,224  2,346  2,296  2383  3,787 


In  a  communication  to  the  Iron  and  Steel  Institute  in  the  year  1875, 
I  ventured,  after  my  examination  of  the  American  works,  on  the  pre- 
diction that  we  must  prepare  to  look  upon  our  vast  dealings  in  iron 
with  the  United  States  as  a  thing  of  the  past.  A  glance  at  the  first  line 
of  figures  up  to  the  year  1878  may  be  taken  as  an  evidence  of  the 
correctness  of  this  view  of  the  case.  A  difPerent  condition  of  things 
obtains  in  1879  and  the  foUowiug  years,  but  this  is  one  upon  which  no 
estimate  of  the  future  can  be  grounded.  There  are,  no  doubt,  many 
in  the  United  States  who  dissent  strongly  from  the  policy  of  protective 
duties,  but  their  opinions  are  not  those  which  as  yet  are  permitted  to 
guide  the  conduct  of  affairs.  High  duties  still  continue  to  be  levied 
and  the  large  importations  perceptible  in  the  last  two  years  are  solely 
attributable  to  a  sudden  demand  for  materials  required  for  a  large  and 
unexpected  e&pansion  of  railway  communication.  This  demand  still 
continues  in  a  modified  form  but  we  have  only  to  look  to  the  extra- 
ordinary and  unprecedented  efforts  made  by  the  iron  trade  of  the 
country  to  satisfy  ourselves  that  this  demand  is  only  temporary  in  its 
character. 

To  judge  of  the  requirements  and  position  generally  of  the  United 
States  in  respect  to  pig  iron  the  following  figures,  in  thousands  of  net 
tons  of  2,000  lbs.  ai*e  given: — 
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Un.    187S.    1873L    1874.    187fi.    1878i    1877.    1878.  1879.  1880.  1881.    1881 

HomemAke        ..    1,813   9^864   S;868   S;680   S;806   8.09S   S;S14   8,877  8;070  4,»6  4,641    M78 

Tmpovted  ..       ..       199      877      941      103        69        83       86        74  340  784 


3411    3,131    3,100   8,793   3,336   8,176   3,380   3.661    3^410   8^079   8^101   8^783 

The  history  of  the  iron  trade  of  the  United  States  ought  to  be  a 
lesson  to  any  one  who  ventures  on  looking  far  into  the  fdtore  of  this 
bi-anch  of  industry.  In  the  year  1871  the  American  Iron  Trade 
Association  estimated  the  annual  producing  power  of  the  States  in  pig 
iron,  to  be  equal  to  two  and  a  half  millions  of  tons,  and  the  actual 
snake  for  that  year  was  close  on  two  millions.  The  extravagant  prices 
of  1872  and  1873  in  Great  Britain  made  itself  felt  all  over  the  world; 
tmd  this  led  to  such  an  increase  in  the  number  of  furnaces  on  the 
other  side  of  the  Atlantic,  that  by  the  end  of  the  latter  year  the 
American  ironmasters  stated  their  ability  to  turn  out  5,439,000  tons, 
being  an  increase  of  171  p6r  cent,  in  two  years.^  From  some  cause  or 
:another  a  very  large  proportion  of  the  augmented  capacity  remained 
nnutilized,  while  the  importations,  as  the  table  shows,  manifested  a 
marked  increase;  but  the  whole  quantity  of  pig  iron  made  and  im- 
ported was  under  60  per  cent,  of  the  alleged  powers  of  home  production. 

It  is  unnecessary  to  pursue  at  greater  length  the  history  of  the 
wonderful  development  of  the  iron  trade  in  America,  for  the  figures 
Just  given  speak  for  themselves.  It  may  be  mentioned  however  that 
'besides  pig,  there  was  imported  into  the  United  States  a  considerable 
weight  of  rails  and  other  descriptions  of  iron.  Thus  in  the  four  years 
ending  1882  there  was  received  of  all  kinds  721,126,  1,370,428, 
1,175,259,  and  1,192,683  tons  respectively.  When  to  these  large 
figures,  those  representing  the  make  of  the  States  themselves  are  added, 
we  have  a  weight  which  may  be  regarded  as  being  required  for  home 
•consumption,  far  in  excess  of  anything  hitherto  devoted  to  a  similar 
purpose  by  ourselves.  At  page  444  the  quantity  estimated  as  having 
been  used  in  the  United  Kingdom  in  1882  was  3,495,000  tons;  whereas 
the  consumption  for  domestic  use  in  the  United  States  would  not, 
making  allowance  for  the  waste  in  conversion,  be  far  short  of  6,660,000 
tons. 

The  table,  exhibiting  the  proportions  of  iron  taken  from  us  by  iron- 
producing  countries  and  by  those  nations  who,  practically  speaking, 

'  The  exports  being  insignificant  no  notice  is  taken  of  them. 
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make  no  iron  of  their  own^  tells  us  that  about  60  per  cent,  of  all  our 
exports  is  received  by  the  former.  If  the  time  should  arrive  when 
our  present  competitors  manu&cture  sufficient  for  their  own  wants,  we 
should,  according  to  the  present  figures,  have  this  60  per  cent,  of  our 
exports,  equal  to  about  one-fourth  of  our  production,  thrown  on  our 
hands,  less  that  further  quantity  which  the  non-producing  countries 
may  in  the  meantime  be  able  to  absorb.  Such  a  change  as  that 
referred  to  is  not  likely  to  occur  suddenly  or  in  the  immediate  future. 
At  the  same  time  we  cannot  shut  our  eyes  to  the  great  fluctuations^ 
which  have  taken  place  during  recent  years  in  our  foreign  trade.  Our 
exports  in  1872  to  iron-producing  nations  (vide  Table,  page  468)  were 
very  nearly  what  they  were  in  1880,  but  in  the  meantime,  %.e.  during  the 
five  years  ending  1878,  they  declined  fully  one-half.  They  fell  in  two  of 
the  years  of  this  period  from  about  two  million  to  less  than  one  million 
tons. 

It  is  highly  improbable  that  dealings  in  iron  will  entirely  cease 
between  Great  Britain  and  even  those  nations  best  able  to  supply  their 
own  requirements;  but  whatever  the  loss  of  trade  with  such  countries 
may  prove  to  be,  it  would  be  unwise  to  count  on  the  remainder  of  the 
world  being  able,  for  some  time  to  come,  to  relieve  Great  Britain  of 
any  great  amount  of  the  surplus,  arising  from  any  lai^  alteration  in 
our  foreign  commerce. 

As  pertinent  to  this  question  I  have  extracted  from  a  Table,, 
compiled  by  Mr.  Jeans,^  the  quantity  of  iron  of  all  kinds  consumed  per 
head  in  1881  by  seven  of  the  chief  iron-producing  countries,  and  the 
following  is  the  result  of  my  examination: — 


Iroa  Frodndiif  CoonteieB. 

Popnlafclon. 

Tons 
ConBamed. 

Lte.perlMi 

naiMMiini' 

United  Kingdom       

35,968,000 

4,618,932 

287-58 

United  States  of  America    . . . 

60,152,866 

6,066,919 

270-92 

France 

87,672,048 

2,606,706 

14916 

46,194,177 

2,488,957 

123-36 

Belginm         

6,519,844 

687,000 

238-20 

Knstia ... 

88,000,000 

966,000 

24-56 

Anstrian  territories 

37,741,434 

626,000 

87-09 

Sweden  and  Norway 

6,391,098 

220,000 

77D7 

306,639,467      18^079,514        IS^OT 


'  British  Iron  Trade  Association,  1882,  page  152. 
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lion  PMdodiig  CoanteiM. 

Other  oountaies  of  Europe,  none  of 
which  can  be  regarded  as  iron- 
producing  ... 


libs.  pwh6ttd 
Oonnmad. 


91,694,288 


978,449  28-90 


Total  for  Eorope  and  United  States 

898,883,750 

19,067,968 

10716 

British  possessions  exclusive  of  India 

11,465,079 
409.798,829 

621,488 
19,679,446 

121-40 

107-67 

IX).             in  India 

446,759,606 

481,961 

2-40 

UKTVIi  •■•              •■•              •••              •■* 

5,617,000 

18,614 

7-66 

South  America  and  Islands 

45,449,857 

274368 

18-60 

Asia  exclusive  of  British  possessions 

617,161,778 
1,424,686,570 

118,882 

•49 

20,667,746 

82-88 

Thus  it  will  be  seen  that  something  short  of  410  millions  of  the 
inhabitants  of  the  earth  consume  more  than  nineteen-twentieths  of  all 
the  iron  produced,  leaving  the  remaining  twentieth  to  satisfy  the 
necessities  of  the  other  inhabitants,  amounting  to  about  1,014  miUion 
persons.  This  gives  an  annual  consumption  of  107*57  lbs.  per  head 
for  the  410  millions,  against  1'96  lbs.  for  the  other  1,014  millions.  If 
the  spread  of  civilization  were  such  as  to  raise  the  consumption  among 
these  1,014  millions  of  persons  to  a  little  above  6  lbs.,  from  a  little 
below  2  lbs.  per  annum,  as  it  now  stands,  the  two  million  tons  of  iron, 
at  present  exported  from  the  United  Kingdom,  would  find  a  market 
elsewhere,  in  case  it  was  no  longer  required  by  our  rivals  in  the 
production  of  the  metal.  It  is  to  be  apprehended  however  that  the 
power  of  increasing  the  make  of  iron  among  civilized  nations  will 
advance  more  rapidly  than  the  means  of  consuming  it  will  grow 
among  those  who,  like  the  517  million  Asiatics,  pass  their  lives  without 
needing  above  '49  lbs.  per  individual  per  annum. 

There  is  another  source  of  relief  to  the  manufacturer,  which 
promises  a  more  ample  area  of  consumption  than  the  advancing  civili- 
zation of  semi-barbarous  countries,  viz.,  new  fields  of  enterprize  among 
those  nations  which  are  already  large  consumers.  No  industry  forms 
a  better  iUustration  of  my  meaning  than  that  of  shipbuilding.  I 
remember  the  arrival  of  John  Coutts  on  the  Tyne  in  the  year  1840, 
when  he  b^an  the  construction  of  iron  vessels  in  the  yard  now  occu- 
pied by  Sir  W.  G.  Armstrong,  Mitchell,  &  Co.    But,  according  to  the 
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Report  of  the  British  Iron  Trade  Associatioiiy  so  slow  was  the  progress 
of  this  new  art  that  ten  years  afterwards,  viz.  in  I85O9  the  total  ton- 
nage of  iron  vessels  built  in  the  United  Kingdom  was  onlj  12,8(m) 
tons,  while  that  of  timber  vessels  was  over  120,000  tons. 

According  to  the  same  authority,  there  were  built  in  subsequmt 
years  as  follows : — 

Timber.  Iran. 

1860     147,000        64^679 

1870 161,000      266,000 

Wooden  shipbuilding  is  now  fast  disappearing,  while  that  of  iron 
is  extending  beyond  the  wildest  expectations.  In  the  year  1880  the 
tonnage  of  iron  and  steel  vessels  built  was  796,221  tons,  and  in  1881 
it  reached  1,013,208  tons.  For  the  amount  of  shipping  built  in  the 
latter  year,  including  the  machinery  for  that  portion  which  was  to  be 
propelled  by  steam  power,  Mr.  Jeans  estimates  that  not  less  than 
800,000  tons  of  iron  were  consumed. 

I  would  conclude  these  few  remarks  on  iron  shipbuilding  by 
contrasting  the  small  amount  of  success  which  attended  Coutts'  effbrts 
with  the  present  position  of  the  Tyne,  on  the  banks  of  which  he  was 
the  pioneer  in  the  art.  In  the  year  1881  the  iron  vessels  launched 
from  the  yards  on  this  river  alone  reached  177,165  tons;  or  84  p» 
cent,  of  the  entire  tonnage  of  the  United  Kingdom,  wood  and  iron, 
constructed  21  years  before,  viz.  in  1860. 

Mention  was  incidentally  made,  a  few  pages  back,  of  the  resources 
possessed  by  the  United  States  in  the  minerals  required  for  the  pro- 
duction of  iron.  This  may  be  supplemented  by  the  assertion  thai  so 
enormous  are  those  resources  that,  taking  the  country  as  a  whole,  no 
conceivable  demand  can  have  to  face  the  possibility  of  being,  even 
within  many  centuries,  followed  by  exhaustion.  Such  at  least  is  the 
impression  left  on  my  mind  as  the  result  of  repeated  enquiries  in  all 
the  large  coal-fields  on  this  side  of  the  Bocky  Mountains,  and  of  an 
examination  of  all  the  chief  iron  ore  districts,  from  the  shores  of  Lake 
Superior  to  the  Southern  States  of  Tennessee  and  Alabama. 

Under  such  circumstances  the  question  may  well  be  asked  as  to  the 
probability  of  the  United  States,  after  satisfying  their  domestic  wants, 
being  able  to  administer  to  those  of  the  world  at  large.  Now  so  far 
as  the  possession  of  mineral  wealth  is  concerned,  there  is  nothing  to 
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prevent  the  production  there  of  any  imaginable  quantity  of  pig  iron, 
and  its  conversion  into  the  usual  forms  known  in  commerce.  The 
accomplishment  of  such  a  task  would  however  demand  a  large  addition 
to  the  labouring  classes  of  America ;  an  addition  which  not  even  its 
rapid  increase  of  population  would  be  able,  for  some  years,  to  meet. 

An  important  factor  in  the  solution  of  such  a  problem  ought  to  be 
the  cost  of  production.  Wages  already  high,  stimulated  by  high 
prices  and  very  large  profits,  produced,  as  will  be  pointed  out  in  a 
section  devoted  to  the  iron  trade  of  America,  a  very  large  inflation  in 
the  value  of  labour.  This  impediment  to  the  meeting  of  competition 
in  the  open  market  is  more  or  less  of  an  artificial  character,  and 
probably  in  time  will  be  partly  removed.  The  geographical  position  of 
the  ore  and  coal,  and  of  the  markets  themselves,  constitute  on  the  other 
hand  obstacles  of  a  more  insurmountable  description.  The  distances 
over  which  ore  is  conveyed  are  sometimes  very  great;  as  an  example  the 
produce  of  the  Lake  Superior  Mines  is  carried  to  Pittsburg,  involving 
carriage  of  790  miles.  The  cost  of  transport  on  the  minerals  con- 
sumed for  each  ton  of  pig  iron  T  have  calculated'  to  average  lOs.  9d. 
at  the  eight  chief  seats  of  the  iron  trade  in  Great  Britain ;  whereas  in 
the  United  States  the  mean  charge  at  fourteen  of  the  large  centres  is 
256. 8d.  No  doubt  a  much  more  favourable  condition  of  things  obtains 
in  the  Southern  States,  where  the  fuel  and  ore  lie  in  immediate  proximity. 
For  the  purposes  of  foreign  trade  the  Northern  States  are  under  a  great 
disadvantage,  as  compared  with  some  of  the  principal  centres  of  the 
iron  manufacture  in  Great  Britain.  It  costs  the  Scotch  or  the  Welsh 
ironmaster  about  88.  to  put  a  ton  of  his  produce  on  board  a  ship,  and 
at  Middlesbrough  vessels  are  loaded  at  the  wharves  attached  to  many  of 
the  ftimaces  at  a  charge  of  less  than  sixpence.  Against  these  favourable 
terms  the  American  manufacturers  in  many  of  the  iron  districts  are 
rarely  less  than  100  miles  and  often  far  more  than  100  miles  distant 
irom  the  shipping  port.  But  this  and  the  position  of  the  Southern 
States  will  be  most  conveniently  considered  in  the  Section  on  the 
United  States. 

If  however  the  future  action  of  the  American  protectionist 
manufacturer  has  to  be  judged  by  his  prototype  in  Germany  it  is 
difficult  to  predict  the  precise  line  of  conduct  he  may  adopt.    The 

'  Report  to  Her  Majesty's  Government  on  Iron   Manufacture  of  the  UnitiHl 
States  compared  \%'ith  that  of  Great  Britain. 
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same  ore  is  shipped  at  Bilbao  for  Westphalia  and  for  Middlesbrough. 
The  sea  freight  is  at  least  as  favourable  to  the  Tees  as  to  Rotterdam, 
but,  when  in  the  Tees,  the  ore  is  virtually  at  the  fdmaces,  whereas 
the  Westphalian  manu&cturer  has  to  pay  5s.  to  7b.  per  ton  before  it 
arrives  at  the  smelting  works.  In  spite  of  the  higher  wages  in  every 
department,  I  am  within  the  mark  when  I  say  that  with  pig  iron  at 
the  same  prioe,  the  mere  act  of  conversion  in  most  cases  is  performed 
in  England  fully  as  economically,  if  not  more  so,  than  it  is  in  the  Rhenidi 
provinces.  Notwithstanding  an  increase  of  cost  on  the  pig  of  10&  to 
14s.  due  to  the  inland  carriage,  and  a  second  charge  of  8s.  to  10s.  per 
ton  for  bringing  the  steel  rails  back  to  the  port,  the  English  maken 
have  been,  on  several  occasions,  undersold,  at  a  time  when  scarcely  the 
cost  of  production  was  being  realized  in  England.  The  payments 
mentioned  above,  for  inland  carriage,  involve  a  charge  of  20s.  to  256. 
per  ton  of  rails,  from  all,  or  a  greater  part  of  which,  many  Britidi 
makers  are  exempt.  The  Oerman  manufacturer,  however,  seems  to* 
prefer  a  loss  so  incurred,  to  stopping  his  works. 

I  would  point  out  that  the  quantity  of  iron  exported  from  Ger- 
many is  very  considerable.  It  was  above  a  million  tons  in  1882;  and 
although  the  observations  made  above  are  not  applicable  to  the  same 
extent  to  all  this  quantity,  yet  the  orders  for  which  the  Westphalian 
makers  competed  successfully  were  of  a  very  important  character. 

Is  it  not  true  then  that  German  capitalists,  attracted  by  the  prices 
artificially  raised  by  the  import  duties,  have  extended  the  powers  of 
production  to  a  dangerous  point  ?  From  this  the  only  escape  has 
l)een  the  exportation  of  a  portion  of  their  produce  at  a  loss,  which  loss 
is  recouped  by  the  better  prices  paid  by  the  inland  consumer. 

The  object  of  the  present  section  is  not  to  render  a  complete 
statistical  account  of  the  make  of  iron  and  its  destination.  This  has 
been  well  done  by  the  British  Iron  Trade  Association  in  its  yearly 
publications,  which  merit  the  attention  of  all  those  interested  in  the 
subject.  My  attention  was  intended  to  be  confined  to  the  use  of  such 
figures  as  would  exhibit  the  relative  positions  of  the  different  iron- 
producing  nations,  accompanied  by  some  information  of  a  general 
kind  to  indicate  the  application  or  destiny  of  their  products. 
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SECTION  XVl. 


BRITISH  LABOUR  COMPARED  WITH  THAT  OF  THE 

CONTINENT  OF  EUROPE. 

Of  the  snmB  which  conBtibnte  the  cost  of  British-made  iron,  those 
which  are  not  directly  effected  by  the  money-value  of  British  laboar 
form  comparatively  a  small  part.  The  item  least  dependent  on  the  wages 
market  is  the  not  unimportant  one  of  royalty;  but  even  there  we  have 
indications  which  may  lead  us  to  suppose  that  the  owner  of  the  soil 
does  not  remain  altogether  uninfluenced  by  the  upward  tendency  of 
the  earnings  of  those  who  extract  the  mineral  from  beneath  the  surface. 

Be  this  last-named  conjecture  as  it  may,  it  could  be  shown  that  the 
labour  engaged  in  mining,  conveying  the  raw  materials  to  the  furnace, 
and  smelting  the  ore,  forms  about  80  per  cent,  of  the  cost  of  pig  iron. 
When  we  come  to  examine  the  details  of  the  expense  of  producing 
malleable  iron  or  steel,  even  in  their  simplest  forms,  it  will  be  found 
that  wages  make  up  about  90  per  cent,  of  the  whole.  Under  such 
circumstances  the  actual  cost  of  a  given  amount  of  labour  is  an  all- 
important  factor  in  examining  the  subject  of  the  present  section. 

The  lowest  wage  earned  by  the  working  class  in  Europe  is  usually 
to  be  found  in  those  parts  which  are  purely  agricultural.  The  personal 
expenses  of  those  who  devote  themselves  to  the  cultivation  of  the  soil, 
or  who  follow  a  pastoral  life,  are  usually  less  than  the  outgoings  of 
those  occupied  in  other  industrial  pursuits:  and  when  this  most  ancient 
occupation  is  followed  in  a  warm  climate,  lightness  of  clothing,  and 
a  diet  chiefly  vegetable,  assist  in  keeping  down  the  cost  of  living. 

The  sudden  introduction  on  a  large  scale  of  a  manu&cturing  in- 
dustry into  an  agricultural  district,  tends  to  disturb  the  value  of  labour 
which  may  have  prevailed  for  many  years.    On  the  other  hand  mining, 
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or  any  employment  not  requiring  long  training,  may  find  a  footing  to 
a  moderate  extent  without  greatly  affecting  the  normal  rate  of  wageB 
of  a  district.  Such  at  leaat  has  been  the  experience  of  the  lead-mining 
districts  of  the  North  of  England. 

In  illustration  of  what  has  been  advanced  may  be  quoted  the  dsHj 
pay  of  the  labourers  on  an  Indian  tea  plantation,  who,  as  well  as  the 
workmen  at  a  small  blast  furnace  adjacent,  receive  only  five  pence  a 
day.  In  this  case  the  furnacemen's  wages,  although  higher  perhaps 
than  those  of  the  ordinary  agricultural  labourer,  do  not  exceed  those  aS 
the  tea  cultivator. 

On  the  shores  of  the  Mediterranean,  between  Malaga  and  Gibraltar, 
the  rate  of  agricultural  wages  was  given  me  in  1872  as  equal  to  Is.  Ojd. 
per  day;  but  the  labourer  was  able  to  keep  himself  on  4d.,  his  daily 
nourishment  consisting  of  about  2  lbs.  of  bread  and  one  ounce  of 
olive  oil,  with  a  little  salt,  boiled  into  the  national  dish  gaapacAo. 

The  workmen  at  a  charcoal  iron  furnace,  situate  between  these  two 
towns,  were  being  paid  as  follows: — Iron  ore  miners.  Is.  8d. ;  fnmaoe 
keepers,  2s. ;  slag  men.  Is.  5^.  for  one  day's  work. 

In  the  event  of  a  new  industry  being  established  on  a  small  scale, 
the  wages  earned  by  the  workmen  continue  to  be  regulated  more  or  less 
by  the  rates  previously  current  in  the  country.  Thus  in  another  pari 
of  Spain  I  visited  furnaces  making  280  tons  of  iron  per  week,  where 
the  head  keeper  was  paid  4s.  4d.  for  his  day's  work,  and  assistants  and 
slagmen  from  2s.  2d.  to  28.  lOd.  The  blast  engineman  for  three  fur- 
naces had  only  2s.  lOd.,  and  his  fireman  Is.  lOd.  One-third  of  the 
workpeople  were  women,  who  received  Is.  6d.  Partly  owing  to  less 
perfect  arrangements  than  are  found  at  the  latest  erected  works  in 
Great  Britain,  and  partly  no  doubt  owing  to  the  inferior  living,  there 
were  nearly  one-half  more  people  employed  at  the  establishment  in 
question,  for  very  little  more  than  half  the  iron  produced,  as  com- 
pared with  the  best  Cleveland  furnaces.  The  averc^  earnings  of  the 
workpeople,  all  told,  were  under  2s.  per  day,  or  less  than  one-half  the 
rate  paid  in  England;  notwithstanding  which,  for  the  reasons  already 
assigned,  the  cost  for  labour  per  ton  of  iron  was  about  the  same  as 
that  incurred  in  the  district  with  which  the  comparison  has  been  made. 

Old  as  is  the  iron  trade  in  Sweden,  its  relative  extent,  and  that  of 
manufactures  in  general,  as  compared  with  agriculture,  is  not  such  as 
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to  have  greatly  affected  the  price  of  laboar,  as  determined  by  the  rates 

« 

paid  for  cultivating  the  soil.    The  same  may  be  said  of  the  Austrian 
dominions. 

▲ortrift,  186S.  Sw«d0D.  1881 

■.    d.  s.    d. 

Coal  miners 2    0  (andergronnd,  working 

12  hours).  — 

Iron  ore  miners       ...  2    0  (working  12  hoars)  ...  1    7  (working  12  hoars). 


Blast  famace  keepers 

RoUers 

Joiners 

Blacksmiths 


.  2  0 

.2  6  to  88. 

1  7 

,  2  8  (working  10  hours). 

It  is  some  years  since  these  rates  were  obtained  in  the  two 
countries  just  mentioned;  but  a  Government  Report^  prepared  for 
the  Paris  Exhibition  gives  Is.  8d.  to  2b.  6d.  as  the  earnings  in  1878 
of  an  Austrian  coal  hewer. 

Having  thus  shown  ii^  general  terms  that  on  the  first  appearance 
of  manu^turing  enterprises  in  an  agricultural  country  they  have 
their  rate  of  wages  determined  in  a  great  measure  by  the  value  of 
agricultural  labour,  we  will  now  proceed  to  review  the  circumstances 
attending  a  more  advanced  state  of  development  as  applied  to  the 
iron  trade. 

The  cost  of  food  is  an  aU-important  element  in  considering  the 
question  before  us,  for  it  is  to  the  labourer  what  wages  are  to  the 
ironmaster.  In  both  cases  we  have  to  deal  with  the  chief  expense  in 
producing  that  article  which  the  workman  has  to  sell  and  the  manu- 
facturer has  to  buy,  viz.  labour. 

Some  remarkable  changes  have  taken  place  in  later  years  in  the 
nominal  value  of  objects  of  daily  consumption.  Often  however,'  in 
cases  where  there  has  been  an  incsease  in  apparent  value,  the  alteration 
is  due  to  the  greater  abundance  of  the  precious  metals;  and  on  the 
other  hand,  where  prices  have  iallen,  the  difference  is  generally  the 
result  of  improved  methods  of  production  or  in  the  conveyance  of 
material.  At  other  times  these  two  opposing  forces,  so  to  speak,  may 
have  a  tendency  to  counterbalance  each  other  in  the  effect  upon  the 
commodity. 

The  cost  of  the  food  previously  mentioned  as  consumed  by  an 
agricultural  labourer  in  Spain  at  the  present  day,  appears  to  correspond 

>  Die  Mineralkohlen  Oesterreichs,  1878,  p.  66. 
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in  amount  with  that  of  his  predecessor  in  England  200  years  ago;  for, 
according  to  Sir  William  Petty,  a  countryman's  wage  was  then  f  onr- 
pence  per  day  with  his  food,  or  eightpence  if  he  found  himself  in 
victuals. 

Macaulay,  in  his  History  of  England,  quotes  beer  and  butcher 
meat  being  much  cheaper  in  1685  than  it  was  when  he  wrote,  about 
thirty  years  ago.  Yet  the  price  of  meat,  3d.  to  S^d.  per  lb.,  was  such 
that  thousands  of  families,  he  says,  scarcely  knew  the  taste  of  it.  On 
the  other  hand,  according  to  this  author,  the  produce  of  tropical 
countries  and  the  produce  of  the  mines  was  positively  dearer  than  at 
present.  Under  such  a  condition  of  things  the  labourer  in  1685 
would  have  to  pay  more  for  such  absolute  necessaries  as  sugar,  salt, 
coals,  candles,  soap,  shoes,  stockings,  and  generaUy  all  articles  of 
bedding.  At  the  same  time  Macaulay  gives  it  as  his  opinion  that 
blankets  and  garments  in  the  older  time  were  not  only  more  costly, 
but  less  serviceable  than  they  are  in  our  own. 

There  is  no  more  important  item  of  household  consumption  of  the 
working  classes  than  flour;  yet  Macaulay  mentions  that  during  the 
last  twelve  years  of  the  reign  of  Charles  II.  wheat  was  50s.  per  quarter. 
Bread,  he  says,  such  as  now  is  given  to  the  inmates  of  a  workhouse,  was 
then  seldom  seen  even  on  the  trencher  of  a  yeoman  or  a  shop-keeper. 
The  great  majority  of  the  nation  lived  almost  entirely  on  rye,  barley, 
and  oats.  The  average  price  of  wheat  during  the  last  five  years  ending 
1879  has  fluctuated  between  41b.  7d.  and  54s.  7d.,  the  average  being 
48s.  Id.,  or  4  per  cent,  lower  than  it  was  two  centuries  ago,  irrespective 
of  the  greater  value  of  money  in  former  times.  This  therefore  is  a 
case  where  improved  agriculture  and  ameliorations  in  transport  have 
countervailed  and  much  more  than  countervailed  the  enormous  de- 
preciation in  the  circulating  medium. 

With  the  facts  and  figures  just  enumerated  before  us,  and  with  the 
knowledge  that  the  lowest  wages  in  the  agricultural  districts  contiguous 
to  our  great  centres  of  industry  are  at  least  four  times  as  high  as  they 
were  two  hundred  years  ago,  no  one  can  deny  an  immense  improvement 
in  the  condition  of  the  labouring  population  of  our  time,  as  compared 
^^th  that  of  their  predecessors.  As  has  been  shown  above,  the  pur- 
chasing power  of  money  in  the  reign  of  Charles  I.  was  much  greater 
than  it  is  at  the  present  time;  but  so  far  as  wheat,  which  forms  now  so 
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important  an  ingredient  in  the  workman's  food,  is  concerned,  as  much 
can  be  bought  for  a  shilling  to-daj  as  coald  be  obtained  for  that  coin, 
two  hundred  years  ago. 

Labouring  men  at  present  live  in  better  houses,  eat  better  food, 
have  better  clothing,  and  are  able  to  command  enjoyments  utterly 
beyond  the  reach  of  their  forefathers.  Their  employers  on  the  other 
hand  receive  a  larger  amount  of  labour,  afforded  with  greater  ease  by 
those  who  produce  it  than  the  lesser  quantity  by  the  badly  paid,  badly 
housed,  badly  fed,  and  badly  clothed  workmen  of  two  centuries  ago. 
Indeed,  for  an  illustration  of  the  connection  of  good  wages  with  good 
work,  we  do  not  require  to  go  back  two  hundred  years;  for  our  own 
times  afford  us  the  means  of  comparing  the  condition  and  value  of 
well  paid  men  with  those  who  are  the  reverse. 

It  matters  little  however,  in  a  comprehensive  view  of  the  labour 
question,  how  well  a  man  is  paid,  unless  some  consideration  is  given  to 
the  purchasing  power  of  the  money  he  receives. 

This  purchasing  power  of  the  workman's  earnings  is  evidenced  of 
course  by  the  prices  paid  for  the  usual  articles  of  domestic  consumption; 
and  any  advantages  in  this  respect  would  necessarily  permit  a  workman 
to  dispose  of  his  labour  more  cheaply  than  one  less  favourably  situated 
could  aff  >rd  to  do.  There  is  no  doubt  that  forty  years  ago  the  foreign 
workman  was  able  to  command  the  necessaries  of  life  on  much  easier 
terms  than  were  our  own  countrymen.  I  have  myself  remarked  this 
at  the  time,  when  on  visits  to  Continental  iron  works;  but  it  has  also 
come  within  my  observation  that  since  1840  a  remarkable  alteration 
in  this  respect  has  taken  place,  many  articles  being  now  supplied  in 
Great  Britain  at  much  cheaper  rates  than  were  formerly  paid,  while  in 
France,  Germany  and  elsewhere  the  same  commodities  have  greatly 
risen  in  price.  The  adoption  of  Free  Trade  in  this  country,  and  the 
facilities  afforded  to  transport  both  on  land  and  water  by  the  intro- 
duction of  steam  as  a  propelling  power,  have  placed  the  United 
Kingdom  in  economical  correspondence  with  foreign  seaports. 

The  actual  weight  of  weekly  food,  required  for  a  family  of  two 
adults  and  four  or  five  children,  does  not  amount  to  60  lbs.  Under 
such  conditions,  a  very  few  pence  per  week  will  represent  the  extent  of 
the  disadvantage  of  the  British  workman,  as  compared  with  the 
foreigner,  supposing  the  former  were  exclusively  fed  on  produce  grown 
near  the  home  of  the  latter 
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The  Continental  farmer  has  thus  found  in  the  British  oongomer  a 
customer  for  produce  rarely  if  ever  sent  from  his  own  neighbourhood 
in  former  days.  Such  a  development  of  our  relations  with  foreign 
nations  has  of  course  tended  to  equalise  prices  here  and  abroad — the 
increased  demand  on  the  Continent  has  raised  the  prices  th^re,  while 
the  increased  supply  with  us  has  had  an  opposite  e£Eect — greatly  to  the 
benefit  of  the  producer  abroad  and  to  the  consumer  in  the  British  Isles. 

As  examples  of  this,  I  would  mention  that  at  the  time  of  a  journey 
undertaken  in  1847,  butcher  meat  was  being  sold  in  France  and 
Germany  as  low  as  4d.  per  lb.  I  made  no  memorandum  of  the  prices 
charged  in  the  North  of  England  at  that  time;  but  it  would  probably 
be  one-half  more  at  least  than  the  figure  just  named. 

Twenty  years  after  this,  viz.  in  1866  and  1867, 1  find  the  following 
quotations  in  my  note  books,  for  animal  food: — 

Per  Lb. 
d.  d. 

Sweden 6  to  7 

France,  St.  fitienne 6j 

„       Boucbes  du  Rh6ne 6|  „  7i 

„       Central  ...         ...         ...         ...  64  ,*  5f 

„       Eastern  Of  „  7i 

Belgium  7f  „  8i 

aUbXm la ...         ...         ...         ...         ...         ...  o 

These  prices,  show  an  increase  of  about  75  per  cent,  as  compared 
with  1847,  and  were  only  about  10  per  cent,  cheaper  than  the  rates 
prevailing  at  the  same  time  in  the  mining  districts  of  Durham  and 
North  Yorkshire. 

As  a  further  instance  of  the  levelling  tendency  in  prices  in  recent 
years,  may  be  quoted  the  fact  that  Continental  Europe  as  well  as  our- 
selves is  now  drawing  large  supplies  of  provisions  from  the  United 
States.  American  cheese  and  American  bacon  are  now  to  be  found  in 
many  parts  abroad;  with  this  difference  however  that  they  are  usually 
saddled  with  an  import  duty,  from  which  legislation  has  fortunately 
relieved  the  British  subject.  The  advantage,  from  a  consumer's  point 
of  view,  of  the  legislation  for  which  we  are  mainly  indebted  to  Villiers, 
Oobden,  and  Bright,  is  conspicuously  seen  in  comparing  the  prices  of 
wheat,  given  a  few  pages  back,  with  those  which  obtained  before  the 
change  in  our  Corn  Laws  just  referred  to. 
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The  following  are  decennial  averages  for  England  and  Wales, 
beginning  with  that  ending  in  1810,  taken  from  the  statements 
prepared  by  the  BeceiTer  of  Com  Betunis:* — 

lOYeMsandinff  1810.  MM.  1830.  1840.  184a! 

£    B.    ±      £s.d.      jEs.d.      £   B.    ±       £     %.   ± 

Avenge  per  quarter    440      476      2  19    6      2  16  11      2  14    9 
Highestprice        ...    5  19    6      666      886      3  10    8      844 

The  average  price  of  wheat  daring  the  eight  years  ending  1860  was 
£2  17s.  8d.  per  quarter;  this  in  the  succeeding  eight  years  fell  to 
£2  12s.  2d.,  then  to  £2  12s.,  and  in  the  years  1876-1879  it  was  only 
£2  9s.  On  the  other  hand,  in  the  year  1852-53  we  grew  11*57  millions 
of  quarters,  and  imported  5'9  millions:  in  the  year  1878-79  we  produced 
12'64  millions,  and  imported  14-48  miUions.  It  has  also  to  be  remarked 
that  our  home-grown  wheat  and  that  supplied  by  other  countries  in 
1852-58  suflSced  to  keep  the  price  at  £2  4s.  7d.  per  quarter;  but  in 
1858-54,  owing  to  a  bad  harvest,  our  home  supply  fell  to  10*64  millions; 
and  the  market  being  unprepared,  having  only  imported  6*09  millions,  or 
practically  the  same  as  the  previous  year,  the  price  rose  to  £8  128.  lid. 
The  Crimean  war  then  broke  out,  and  interrupted  our  relations  with 
Russia;  our  imports  of  wheat  fell  off  in  1854-55  and  1855-56  to  2*98 
and  3*26  millions  respectively,  and  the  prices  consequently  averaged 
£3  12s.  during  those  two  years.^  When  it  is  remembered  that  this 
change  would  inflict  an  extra  outlay  of  about  2s.  per  week  on  a  family 
of  two  adults  and  four  children,  and  that  in  cases  where  the  income 
did  not  exceed  18b.  or  even  £1  per  week,  it  is  easy  to  conceive  the 
inconvenience,  not  to  say  actual  privation,  which  would  flow  from 
such  a  state  of  things. 

It  is  quite  true  that  with  iree  importations  of  com,  we  have  some- 
times had  very  high  prices.  Thus  in  1866-67, 1867-68,  and  1873-74, 
wheat  averaged  £3  Os.  4d.,  £3  8s.  4d.,  and  £3  Is.  8d.  respectively; 
but  in  each  of  these  years  the  harvest  in  the  United  Kingdom  was 
very  bad,  and  the  importations  were  not  large  enough  to  supply  the 
deficiency.  The  pinching  effect  of  these  high  prices  is  manifested  in 
the  quantity  consumed,  which,  instead  of  boing  5*67  bushels  as  it  was 
in  1876-1879,  fell  to  4*80-4-68  and  5*17  bushels  per  head  of  the 
population  in  the  three  years  just  mentioned;  and  as  the  short 

>  EncyclopsBdia  Britannica,  Vol.  7,  p.  398,  Ed.  1860. 
'  Paper  by  Lawes  and  Qilbert. 

EB 


482  SECTION  XVI. — ^BRITISH  LABOUB  OOMPAEBD  WITH 

allowance  wonld  fall  exclusively  on  the  poorer  orders,  it  is  ea^y  to 
comprehend  the  suffering  which  would  be  their  lot.  Compare  however 
a  BufGicient  number  of  years,  and  then  the  advantage  of  the  change  is 
clear  enough.  The  average  price  of  wheat  over  the  25  years  ending 
1843  was  59s.  2d.  per  quarter;  whereas  in  the  same  period  beginning 
1848  after  the  repeal  of  the  Com  Laws  the  price  was  only  51s.  6d. 

The  upward  tendency  already  mentioned  in  prices  of  food  abroad 
has  continued  from  1867  down  to  the  present  time;  for  which  state- 
ment, I  will  here  insert  figures  gathered  from  the  writings  of  other 
authors. 

M.  Chatelant,  of  the  Statistical  Bureau  in  Berne,  shows  by 
quotations  of  the  actual  prices  of  provisions  in  Switzerland  that 
between  1840  and  1850  there  was  an  increase  of  about  75,  and  in 
some  articles  of  100  per  cent.  There  was  a  further  rise  between  1861 
and  1872  of  from  80  to  40  per  cent.;  and  at  the  same  time  clothing 
house-rent,  and  in  short  all  the  necessaries  of  life,  had  experienced  a 
corresponding  change  in  value. 

I  had  placed  in  my  hands  by  M.  Yuillemin,  the  Director  of  the 
large  collieries  of  Aniche  in  the  North  of  France,  a  printed  table 
showing  the  prices  of  articles  of  domestic  use  in  the  Pas  de  Calais, 
given  in  francs,  and  in  periods  of  ten  years : — 


1870 

10  Yean  ending  ..  1830.       1840.        1860.        I860.        1870.         to   peroent^frooi 

1878.     1890tol878. 

Butcher  meat,  per  kUo.      062  0*75  1*01  1*06  1*84  1*66  157 

Butter,  per  Idlo.          ...     150  1-55  174  1-86  257  8-04  102 

Potatoes,  per  hectoUtre    2*83  812  4*34  4*25  4*06  4*82  107 

Shoes,  per  pair 2*45  217  2*50  3*24  4*68  6*58  166 

Coarse  blue  cloth  per  metre  416  8*05  7*56  8*20  7*68  712  71 

According  to  Dr.  Edw.  Young,*  Chief  of  the  United  States 
Burean  of  Statistics,  who  made  labour  and  cost  of  living  in  Europe 
and  America  the  subject  of  extensive  enquiry,  the  advance  in  the  cost 
of  provisions  in  France  in  1855,  as  compared  with  the  ten  years 
ending  1883,  was  as  follows : — 


Bnfcoherlfeat. 
Percent. 

I^mls. 
PerOenl 

Batter.      Bgn.     Potatoee. 
Per  Cent  PorOeni.  Per  Gent 

Increase  of  price    .. 

84to86 

85  to  51 

29           25           108 

1  «  Labour  in  Europe  and  America." — Taun^. 
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This  writer  further  states  that  beef,  which  was  selling  for  4^. 
-At  Lyons  in  1855,  had  risen  in  1875  to  6^.  He  also  gives  some 
comparative  tables  of  prices  in  different  countries  of  Europe.  His 
quotations  unfortunately  do  not  apply  to  the  same  year  for  the  various 
localities,  being  for  1871  in  some  places,  and  1872  in  others.  Wheat 
however  in  England  and  Wales  only  exhibited  a  difference  of  4d.  per 
quarter  between  the  two  years  in  question.  We  may  therefore  infer 
that  there  would  not  be  any  material  change  in  other  articles  of  food. 

Pbioss  op  Pboyisioks  as  qtvjss  by  Db.  Touva. 


'^'heat  Soar 

Beef 

Mutton 
Lard 

V/tlG680  •  •  • 

X€5tt  •  •  •  •  •  I 


"Kngland, 

BMidfofd, 

1873. 

£    1. 

1  13 


Bolgiiim. 
DOaield<»i;    Si.  Btl«iuie,     Oh&rlaroi, 


d. 
0 


Qmxuaj, 

Meldi 

1873. 

£     8. 

1  18 


d. 
0 


187L 
£    *.     6, 

1  18 


0 
0 
0 
0 
0 


0 
0 
0 
0 


9i 
8 
8 
9 


2    6 


0 
0 
0 
0 
0 


0 
0 
0 
0 


84 

7 


0    0 


0 
9 


1873. 
£    a.    d. 

1  13  10 


AoKtrift, 

Trlcilab 

1873. 


£ 
2 


0    0 
0    0 


8}    0 
9      0 


2    6 


0 
0 


0    7 
3    4 


0    3    2 


0 
0 
0 


a  q/ per  barrel, 

^  ^\    280  Wm. 

0  6  per  lb. 

1  0 
1  0 
0  6 
8  4 


It 


>» 


Roasted  eoffee  014      018      016      01    U    018 
Brown  sugar     004      006      006400    7^    006 


»» 


>i 


Coming  down  to  later  years^  and  quoting  from  the  result  of  my 
•own  enquiries,  in  October,  1878, 1  find  the  following  information : — 


GsRMAinr. 

Gkbat  BaiTAnr. 

Town            ..          1 

Burfarttok.  M ttfalofeo. 

Bnhrort. 

Hdrda. 

MiddlesbrooilL 

a. 

d. 

a. 

d. 

M.      d. 

■.     d. 

■.    d.        d. 

Wheat  flour,  per 

1 

stone    of    14 

[2 

6i 

2 

1 

3    0 

1    9i 

1  11         — 

\ha,,    tecondH 

1 

Bread,  per  lb. 

0 

1* 

0 

1* 

0    li 

—          — 

Potatoes,  per  st. 

0 

6 

0 

8* 

0    3 

0     6 

0    8       — 

JDcd  •  ••             ••■ 

0 

7 

0 

n 

— 

0    7i 

»  «»«>'o{'^r 

Mutton 

0 

9 

0 

n 

0    6   to  10           „ 

Bacon 

- 

— 

- 

— 

— 

— 

0    5ito   6           „ 

Lard 

- 

— 

- 

— 

— 

— 

0    7       — 

Cheese 

- 

— 

- 

— 

— 

0    7       — 

Admitting  differences  of  climate,  fertiUty  of  soil,  etc.,  to  afford 
certain  advantages  to  the  inhabitants  of  a  Continental  locality,  in 
obtaining  the  necessaries  of  life,  it  is  clear  that  such  advantages  must 
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be  limited,  as  iar  as  the  British  consamer  is  conoerned,  bj  the  cost 
of  transporting  agricultural  produce  thence  to  the  markets  of  Great 
Britain;  and  this^  on  about  10  lbs.  per  head,  amounts  to  an  insignificant 
sum.  Practically  the  general  result  of  mj  investigations  has  led  me 
to  think  that  this  is  in  reality  the  case;  and  that  any  difference  against 
the  British  workman,  in  the  cost  of  certain  articles  of  food,  is  pro- 
bably compensated  for  by  the  superior  facility  with  which  his  insular 
home,  as  compared  with  Continental  Europe,  is  supplied  with  other 
provisions  from  the  United  States. 

As  a  set-off  against  the  supposed  equality  of  position  just  spoken 
of,  it  has  often  been  asserted  that  the  foreign  workman  lives  less 
luxuriously  than  do  the  inhabitants  of  Great  Britain  of  the  same 
class.  In  the  matter  of  quality  of  food,  our  own  workmen  are  perhaps 
more  fastidious  than  are  their  fellows  on  the  Continent ;  for  while  the 
latter  are  satisfied  with  animal  food  of  a  second  quality,  the  former,, 
certainly  in  times  of  moderate  prosperity,  eat  the  best  of  its  kind. 
There  may  be  some  economy  in  this,  for  no  one  knows  better  than  doea 
the  hard  worked  man  about  our  blast  furnaces  and  rolling  mills  that 
his  occupation  demands  a  generous  diet ;  without  which  he  could  not 
fece  the  severe  strain  on  his  physical  powers. 

Many  enquiries  have  been  directed  towards  ascertaining  the  actual 
cost  of  living  in  different  countries.  Without  claiming  for  any  such 
statements  absolute  accuracy,  I  here  insert  lists  of  various  localities; 
supposing  it  probable  that  the  errors  on  the  whole  are  not  ^freater  on 
one  side  than  on  the  other. 

In  the  year  1879  a  commission  composed  of  German  iron  masters 
met  to  consider  the  question  of  fiirther  protection  being  granted  to 
their  trade,  by  an  increase  in  duties  levied  on  iron  imported  into 
Germany.  Upon  that  occasion  they  took  evidence  on  the  weekly 
expenses  of  maintenance  incurred  by  men  occupied  at  iron  works. 

Case  No.  I.  was  that  of  a  man  engaged  in  unloading  minerals  at 
blast  furnaces  (generally  done  by  shovel  work),  with  a  wife  and  six 
children,  two  to  twelve  years  of  age. 

Case  No.  II. — ^A  man  mixing  ores  and  limestone  (shovel  work), 
with  wife  and  two  children. 

Case  No.  III. — A  man  unloading  castings,  with  wife  and  four 
dhildren,  two  to  eighteen  years  of  age. 
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Oaae  Ka  I.  Ha  II.  Ko.  ITL 

£&d.  B.    ±  £    a.    d. 

Black  bread  (Sehwarz   Brod)    0    2    7  0    9  ') 

White  bread 0    0    8  10  >  0    8    0 

Floor    ...        0    1-6  18  ) 

Butter 0    17  14  0    19 

Heat»  bacon,  and  lard        ...    085  26  032 

Vegetables      0    2    6  2  10  0    4    1 

Coffee  and  chicory     0    0  11  12  0    0    9 

Milk     0    0    7  0    9  0    0    7 

'Groceries,  etc 0    0    8}  0  11^,  Oil 


Total  for  provisions 

...    0  14 

4i 

12    6i 

0  14    5 

Clothing          

...     0    2 

9f 

2    5^ 

0    2    9]^ 

Washing  materials    ... 

...     0    0 

8 

0    4i 

0    0    5 

Tobacco           

...     0    0 

8f 

— 

0    0    8) 

Bchool 

...     0    0 

H 

— 

0    0    2) 

Honserent     

...     0    2 

6 

2    0 

0    1  10^ 

Firing  and  lighting   ... 

...     0    1 

8 

1    6* 

0    1    7J 

Aaxes   •«>         ...         ... 

...     0    0 

2* 

0    2i 

0    0    7i 

£1     2 

6 

£19    U 

£1    2    8i 

Dr.  Young,  in  his  work  already  quoted,  gives  the  following  as  the 
•cost  of  living  in  various  parts  of  Germany,  in  the  year  1872.  Each 
&mily  consisted  of  two  adults  and  of  the  number  of  children  named  at 
the  head  of  each  column: — 


LoeaUty. 

Barmen. 

EflBen. 

Alxla 
CbapeUe. 

Two. 

BerUn. 
Three. 

Stnttj 

/ « 

Three. 

tBKi. 

Ha  of  dhildren 

Two. 

Four. 

Three. 

Three. 

FlTe. 

£  8.  d. 

£b.  d. 

£  8.  d. 

£b.  d. 

£b.  d. 

£  8.  d. 

£  8.  d. 

£8.  d. 

PiofUUms 

017  2i 

018  9 

015  6 

017  4 

01610 

•  16  8 

016  Si 

016  6 

0  1  Si 

0  6  2 

0  4  0 

0  4  0 

0  19 

•  2  ^ 

0  210i 

0  1  Si 

TobMoo,  beer,  eto... 

0  2  0 

0  0  6 

0  16 

0  1   4i 

0  2  6 

0  9  3i 

0  1  Oi 

0  6  0 

School  Had  churofa  .. 

0  17 

0  0  6 

0  0  6 

0  0  5 

— 

— 

0  1   8 

— 

Bent,  ftiel.  and  light 

0  8  4 

0  3  5| 

0  3  7i 

0  4  6 

0  6  4 

0  7  0 

0  9  7i 

0  410 

Bnndriet,    inolndlng 
toxei 

0  0  2 

0  0  u 

0  1   41 

0  14 

— 

0  OlOi 

0  0  41 

0  18 

£165(     186       16S       1810i     166       18  li     lUlOi     19S| 
WeeUyeamings     ..£1  70      110  0      176      110  6      208      170      113  4      113  4 

In  the  case  of  the  Barmen  operatives  the  wages  include  the  earn- 
ings of  the  wife.    At  Aix  la  Chapelle  a  son  assisted  the  father.    At 
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Es8en  and  Stattgart  the  head  of  the  family  alone  contributed  to  its 
snpport.  The  occupations  in  these  instances  are  not  given;  but  tbej 
all  go  to  prove  that  with  an  income  of  27s.  to  80s.  per  week  the  ex- 
penses are  usually  within  a  trifle  of  the  earnings. 

A  case  is  quoted  by  Dr.  Young  of  a  family  in  Belgium,  consisting 
of  two  adults  and  four  children,  whose  weekly  expenditure  seems  to 
be  on  a  miserable  scale,  and  was  as  follows : — 

Provisions... 

Clothing  and  bedding 

A«vUv  •••  •••  •••  •••  ■ 

Fuel,  lighting,  etc  

X  OmU        •••  ... 

I  obtained  from  four  different  classes  of  men  working  for  my  own 
firm  a  statement  of  their  weekly  expenditure.  From  these  I  have 
selected  four  cases  of  labourers,  not  miners,  each  with  a  wife  and  four 
children.  These,  it  may  be  remarked,  are  very  much  of  the  same 
class  as  the  three  cases  of  German  workmen  given  above.  No.  I.  and 
II.  were  engaged  at  a  colliery  and  III.  and  lY.  at  an  ironstone  pit: — 


B. 

d. 

10 

0 

4 

0 

0 

7 

0 

7 

16 

2 

Vo.l. 

No.II. 

Nam 

No.rv. 

8. 

d. 

B.      d. 

£ 

B. 

d. 

£    B.     d. 

Flour  and  potatoes    

5 

5 

6    IJ 

0 

4 

lU 

0    7    OJ 

Groceries,  miUc,  soap,  etc.    ... 

1 

8 

2  11 

0 

2 

H 

0     8    2 

Meat,  fish,  bntter,  etc. 

2 

H 

2    0 

0 

6 

6 

0    2  11 

Total  provisions  and  grocenes 

9 

iOi 

11    0^ 

0  12  11 

0  18    li 

Clothing         

1 

6 

3    0 

0 

4 

0 

0    18 

Tobacco  and  beer       

0 

6 

— 

School ... 

0 

8 

1    0 

0 

0 

8 

0    10 

House  rent  and  coal 

8 

9 

4    6 

0 

8 

6 

0    8    6 

0 

3 

0    8 

0 

0 

3 

0    0    8 

Doctor,  reUef  fund,  and  union 

Aw  vXOO                ■■■                  ■••                  •«• 

0 

9 

— 

0 

0 

9 

0    10 

Sundries          ...        ...         ... 

0 

8i 

— 

0 

0 

^ 

0    0    21 

18 

0 

19    9^ 

1 

2 

n 

10    9 

The  prices  on  which  these  estimates  were  based  were . — 
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QoiDtSty.  Prioe. 

Artiole.  LtM.  Oi.  b.    d.       s.    d. 


Floor      

about  25    0 

2    1  to  2    6  per  stone  of  14  lbs. 

Barley,  &c. 

» 

1    0 

—     .    — 

Potatoes 

»> 

14    0 

0  10  to  1    0 

Animal  food 

2    6 

—           — 

Beef 

0    7  to  1    0  per  poand. 

Bacon 

0    5  too    7 

Lard 

0    7toO    9 

A  Vtt                               •  •  •                              a  •  • 

0    4 

2    6- 

Coffee     

0    6 

Sugar     

3    0 

0    3to0     3^      „ 

Coals      

•  ■  ■ 

8    6  per  ton. 

Total  weight... 

46  15 

It  will  thos  be  seen  from  the  two  sets  of  figures  given,  setting  forth 
the  cost  of  living  in  Germany  and  in  England,  that  the  difference  be- 
tween the  two  is  insignificant  for  men  engaged  in  similar  occupations. 

According  to  a  return  in  my  possession,  the  following  shows  the 
weekly  expenditure  of  men  engaged  in  labour  appertaining  to  the 
production  of  pig  iron,  in  the  North  of  England ;  the  family  in  each 
case  consisting  of  two  adults  and  four  children: — 

Cottl  Miners.  Ironstone  Minen.  Limestone      Blast 

# * V       t * »  Qaarrymen.  Famaoe. 

£B.d.     £>.d.     £B.d.     £B.d.     £&.  d.     £B.d.     £B.d. 

Flour  and  potatoes         ..054     076      064      04Ui066i050      040i 

Gfoceries  and  milk         ..034      038      046      029      0301     026      027 

Meat,  flsh.  batter,  eto.     ..066      081       07 10      083      038      056      0861 

Total proTisions     ..  0  15   Si  0  18   9  0  17   8      0  15  lU     0  13   3  0  13   0  0  15   2 

Clothing        033  070  060      050       023  050  060 

Beer  and  tobaooo  ..       ..016           —  007  —  008  010           — 

School OOU  010  003   008   006  010  010 

Bentandfael  free.          free.  free.        046      04 10  050  006 

Lighting        004  010  005|008i012  010  048 

Sundries       ..                ..  018i          -  006^00   710081001  006 

Mafaftfrnanoe  ..    12  11       179      156      175112  111161       17 10 

Doctor,  Belief  Fond,  and 

Union       01  10       010       009       009       009      010      003 

£149       189       163       18    211381     171       181 


Among  the  difficulties  the  labouring  classes  have  to  contend  with 
is  the  occasional  high  price  of  provisions.    A  return  was  made  to  a 


1 
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large  mineral  owner  in  the  Cleveland  district,  from  a  man  on  whom 
he  could  rely,  by  which  it  appeared  that,  in  the  years  1873  and  1879, 
on  six  articles  of  ordinary  consumption  there  was  a  difference  of  50 
per  cent,  in  the  matter  of  cost;  the  same  quantities  being  assumed  in 
each  case.    The  figures  were  as  below: — 


Artloto. 

QuMitity. 

ItTl 

1879. 

Pikw. 

Oort. 

Frioe. 

Oort. 

■.    d. 

B.     d. 

8. 

d. 

B.     d. 

1.— Floor 

2  stones 

...     2    6 

6    0 

...       1 

9 

8    6 

2.— Bacon 

4  lbs. 

...     0    8 

2    8 

...     0 

6 

1    8 

3.— ^Iheese 

1    „ 

...     0  10 

0  10 

...    0 

6 

0    6 

4.— Lard 

1    „ 

...    0    8 

0    8 

...    0 

6 

0    6 

6.— Tea 

i   „ 

...    3    4 

1    8 

...     2 

0 

1    0 

6. — Sugar 

Cost 

4   „ 
per  week 

...    0    4 

■  ■  •                 •  •  • 

1    4 

...    0 

3 

1    0 

12    2 

8    2 

Fortunately  such  differences  as  are  perceptible  in  the  figures  just 
given,  are  of  much  less  frequent  occurrence  than  when  heavy  import 
daties  added  greatly  to  the  cost  of  the  necessaries  of  life. 

The  fall  in  prices  recently  observable  in  bacon,  cheese  and  lard  is 
no  doubt  due  to  the  large  importations  from  America;  and  in  the  case 
of  tea  and  sugar  the  decline  in  price  is  caused  by  the  changes  in  duty. 
The  British  consumer  is  therefore  greatly  indebted  to  the  policy  of 
Free  Trade,  introduced  about  thirty-six  years  ago;  its  tendency  being 
to  afford  a  constant  and  plentiful  supply  of  provisions  at  moderate 
rates,  and  thus  avoid  the  privations  which  must  obviously  beset  a 
household  which,  with  an  income  of  20s.  a  week  or  even  less,  finds  itself 
suddenly  called  upon  to  expend  an  additional  4s.  on  the  necessaries 
of  life. 

Besides  the  power  of  thus  obtaining  the  raw  material  of  food  at  a 
reduced  cost,  great  improvements  in  the  machinery  for  grinding  com 
have  enabled  the  miller  to  carry  on  his  business  on  a  much  more 
economical  footing  than  was  possible  long  after  the  beginning  of  the 
present  century.  Flour  was  formerly  made  almost  exclusively  in  small 
mills,  driven  by  wind  or  by  water,  and  in  such  insignificant  quantities 
as  to  render  the  application  of  expensive  machinery  impracticable. 
The  present  large  importations  of  com  firom  abroad,  together  with  the 
easy  concentration  of  home-grown  produce  in  one  locality  by  means  of 
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railways,  have  led  to  the  creation  of  enormons  establishments;  and  in 
<x)n8eqaenoe9  as  I  am  informed  by  Mr.  Appleton  of  the  Stockton  flour 
mills,  labour  is  not  only  greatly  economised,  but  an  improved  yield 
And  quality  of  flour  are  obtained.  The  mechanical  engineer,  in  point 
-of  flEK^t  has  done  for  the  loaf  of  bread  that  which  he  has  achieved  for 
cotton  and  for  wool;  and  as  a  consequence  we  enjoy  advantages  in 
food  and  clothing  unknown  to  our  ancestors. 

The  price  paid  by  workmen  for  board  and  lodging  perhaps  afibrds 
A  ready  criterion,  by  which  we  may  judge  of  the  relative  cost  of  living 
on  the  Continent  and  in  Great  Britain.  At  a  large  iron  work  in  Central 
France,  the  charge  in  1867  was  13s.  2^d  to  16s.  per  week,  which 
included  animal  food  once  a  day,  selling  at  that  time  at  7d.  per  lb. 
This  was  quite  as  much  as  was  being  paid  in  the  North  of  England  at 
the  period  in  question. 

In  the  matter  of  clothing  I  obtained  many  quotations;  but  it  is 
useless  to  enumerate  these,  owing  to  the  great  differences  in  quality,  etc. 

The  markets  now  open  to  the  British  manufacturer  for  his  raw 
material,  and  his  unsurpassed  machinery,  forbid  the  idea  that  the 
foreign  workman  can  be  better  or  more  cheaply  clothed  than  are  our 
own  men;  and  this  is  confirmed  by  the  statements  of  expenditure  under 
this  head  contained  in  the  tables  already  given  in  these  pages. 

It  would  also  be  difficult  to  institute  any  exact  comparison  in  the 
item  of  house  rent,  the  extent  of  accommodation  varying  so  much  in 
different  localities.  In  the  counties  of  Northumberland  and  Durham 
our  miners  are  infinitely  better  lodged  than  they  were  thirty  years  ago. 
It  is  the  custom  to  provide  the  colliery  population  in  the  North  of 
England  with  dwellings  rent  free,  and  any  concession  in  the  way  of 
superior  acconmiodation  is  so  much  money  out  of  the  pocket  of  the 
^oal  owner.  Nevertheless  it  would  probably  be  far  within  the  mark  to 
say  that  our  miners'  houses  now  cost  fully  double  what  they  did  anterior 
to  the  period  above  mentioned.  So  far  as  my  own  observation  goes,  I 
should  say  that  the  domestic  life  of  our  own  workpeople  is,  to  say  the 
least  of  it  as  replete  with  comfort  as  that  of  men  in  a  similar  position 
in  most  places  abroad. 

The  foregoing  examples  of  the  cost  of  living  are  not  given  under 
the  belief  that  they  represent  either  on  the  Continent  or  in  the  United 
Kingdom,  the  average  expenses  of  all  fEunilies.    All  that  is  wished  to  be 
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inferred  from  them  and  from  numerous  other  cases  in  my  possession, 
is  that  the  cost  of  living  may  now  not  materially  differ  in  the  different 
countries. 

There  is  little  doubt  that  there  are  many  workmen,  who,  receiving: 
large  wages  in  the  rolling  mills  and  iron  shipbuilding  yards  in  Great 
Britain,  spend  much  more  on  their  households  than  any  of  the  soms 
mentioned  above.  One  thing  is  quite  sure,  viz.  that  the  style  of 
living  is  of  a  much  more  nourishing  character  in  this  country  than  it 
was  anterior  to  the  repeal  of  the  com  laws. 

The  Right  Hon.  John  Bright,  whose  name  has  been  already 
mentioned  in  connection  with  the  abrogation  of  the  laws  referred  to, 
in  a  speech  delivered  a  couple  of  years  ago,  described  the  effect  of  the 
change  in  the  habits  of  our  labouring  population.  He  said,  '^I 
suppose  if,  at  this  moment,  all  the  workmen  and  their  families  in  the 
three  kingdoms  could  be  put  into  the  scales,  they  would  weigh  some 
thousands  of  tons  more  than  they  would  have  done  thirty  years  ago." 

In  the  previous  Section  reference  was  made  to  the  expectation  of 
an  increased  consumption  of  iron  among  the  nations  of  the  earth,  by 
many  of  which  it  was  exceedingly  small.  The  gentleman,  whose 
opinion  I  have  just  quoted,  observed  in  a  letter,  "As  to  the  con- 
sumption of  manufactures  it  is  now  small  when  compared  with  the 
wants  of  the  populations  of  the  various  countries  of  the  globe.  The 
great  armies  of  Europe  and  the  exactions  of  Government  tend  to  limit 
the  enjoyments  of  the  people  and  thus  consume  the  proceeds  of  their 
industry.  The  time  will  come,  I  do  not  doubt,  when  nations  will  be 
wiser." 

There  is  one  item  in  the  tables  of  expenditure  already  set  forth,, 
which  has  often  formed  a  theme  for  observation  and  discussion,  par- 
ticularly in  recent  years;  viz.  the  consumption  of  fermented  and 
spirituous  drinks.  In  several  of  the  instances  given  this  is  conspicuous 
by  its  absence  which  probably  arises  from  those  who  famished  the 
details  being  very  steady  men,  and  hence  selected  as  being  most  capable 
of  affording  correct  information. 

Dr.  Young  in  his  work  devotes  80  closely  printed  pages  to  the 
consideration  of  the  condition  of  the  working  classes  of  Great  Britain. 
He,  like  many  other  writers,  connects  "the  evils  which  afSict  the 
British  workmen  and  their  families  with  the  excessive  use  of  spirits 
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and  beer."  The  opinions  of  this  writer  are  the  more  worthy  of  respect 
because,  as  a  citizen  of  the  United  States,  he  admits  that  his  conntrj- 
men,  next  to  the  inhabitants  of  G-reat  Britain,  are  the  most  conspicuous 
for  their  large  consumption  of  intoxicating  beverages. 

This  national  reproach  is  supported  by  quotations  from  various 
British  reports,  both  statistical  and  otherwise,  not  only  of  the  amounts 
consumed  but  of  the  effect  produced  on  the  manners  and  morals  of  the 
people.  It  has  to  be  remarked,  however,  in  reference  to  this  un- 
enviable notoriety,  that,  in  the  hope  of  mitigating  the  evil.  Great 
Britain  has  perhaps  taken  more  pains  than  any  other  nation  to  reveal 
to  the  world  the  consequences,  as  well  as  the  extent,  of  this  sore  in  our 
social  system.  It  is  therefore  possible  that  the  charge  of  much  greater 
intemperance  laid  at  our  door  may,  to  some  extent,  be  the  result  of 
more  ample  confession,  rather  than  of  a  very  much  more  extensive 
prevalence  of  the  vice  itself. 

Dr.  Young  is  almost  entirely  silent  in  respect  to  the  drinking 
customs  of  other  nations.  He  alludes  to  the  use  of  the  deleterious 
spirit  known  as  absinthe  in  France;  and,  on  the  authority  of  the  Consul 
of  the  United  States  in  Belgium,  he  describes  the  working  men  of  that 
country  as  being  afflicted  with  a  '^terrible  misfortune,  who  not  only 
drink  beer  but  gin  and  rum,  the  latter  being  so  cheap  that  thousands 
of  labourers  go  reeling  home  daily  from  their  toil." 

I  cannot  say  that  the  impressions  produced  on  my  mind  by  frequent 
visits  to  Belgium  correspond  with  those  of  the  American  Consul;  and 
his  assertion  in  respect  to  the  Belgian  work  people  is,  I  think,  inap- 
plicable to  that  dass  in  Great  Britain.  No  doubt  there  are  among  the 
latter  many  who  daily  consume  beer  or  spirits,  or  both,  to  an  extent 
which  proves  injurious  to  their  health  and  useftdness.  As  a  rule, 
however,  any  approach  to  such  a  state  of  things  as  that  just  mentioned 
is  reserved  for  the  weekly,  or  the  fortnightly,  pay  days.  Apart  from 
these  occasions,  there  is  in  the  demeanour  of  the  people,  outside  of  the 
public  house,  little  proof  of  great  addiction  to  drink  at  least  among 
the  miners  and  iron  workers  in  the  North  of  England.  It  would 
appear,  however,  that  there  is  too  intimate  a  connection  between  hard 
drinking  and  high  wages;  for  the  government  returns  show  that  in 
the  year  1872,  when  the  earnings  of  workmen  were  high,  the  actual 
money  spent  in  beer,  wine,  and  spirits  exceeded  that  of  1871  by  no 
less  a  sum  than  twelve  million  pounds  sterling. 
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This  unfortunate  result  of  increased  prosperity  is  however  not  con- 
fined to  the  British  people.  Between  1874  and  1878  I  paid  many 
visits  to  the  iron  works  and  mines  in  Europe  and  North  America;  and 
the  common  answer  to  my  repeated  inquiries  was  that  the  workmen, 
g^erally  speaking,  had  not  really  profited  by  the  increased  valne  of 
their  labour  in  the  good  times  of  1872  and  1873.  In  all  cases  the 
reason  assigned  was  the  devotion  of  a  considerable  portion  of  their 
additional  earnings  to  drink.  In  no  quarter  was  this  more  strongly 
insisted  upon  than  in  the  establishments  I  had  an  opportonity  of 
examining  in  the  United  States. 

According  to  an  article  which  appeared  in  the  Times  newspaper, 
quoted  in  Cunningham's  "Conditions  of  Social  Well-being/'  the 
inhabitants  of  the  United  Kingdom  drank  in  various  forms  in  1872 
the  equivalent  of  72,000,000  gallons  of  pure  alcohol  against  65,000,000 
consumed  in  1871.  Taking  the  population  at  81,518,000  for  1871 
and  81,841,000  for  1872,  we  have  a  consumption  of  pure  alcohol  per 
head  of  2*04  gallons  for  1871  against  2*28  gallons  for  1872.  This 
increase  is  equal  to  11|  per  cent,  and  according  to  the  Tmes  "wbb 
probably  due  to  the  increased  wages  of  labour,  which  have  allowed  the 
working  man  to  indulge  himself  in  more  luxuries." 

If  the  consumption  of  beer  alone  had  to  be  accepted  as  the  standard 
of  comparison,  the  United  Kingdom  occupies  an  unenviable  position. 
According  to  a  writer  in  the  Jotamal  of  AppUed  Science  in  January 
1881  the  following  was  the  rate  of  consumption  of  this  beverage  among 
European  nations : — 

Belginm  ...  ...  ...  ...  ...  ...  88  QaUons. 

United  Kingdom...  ...  ...  ...  ...  8S  ,» 

Germany  ...  ...  ...  ...  ...  ...  22  » 

Denm&rk ...  ...  ...  ...  ...  ...  12  „ 

Holland    ...  ...  ...  •••  ...  •••  v  *> 

j^ orway    ...  •••  ■••  •••  ...  «..  o  „ 

lAiUSwina     ...  •••  •••  •••  •••  •••  '9  M 

Switzerland  ...  ■..  ...  •••  ...  6  t* 

sweoon    •..  •«.  ••.  •••  •.«  •.•  •'  jt 

jjrance     ...  •.•  ••.  •••  •.«  .«•  *#  n 

AQSSlft         ...  ..•  •••  •..  •..  ...  S       f9 

It  would  be  very  instructive,  if  we  possessed  the  necessary  data,  to 
compare  the  actual  quantity  of  pure  alcohol  consumed  by  di^rent 
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nations.  I  have  oonsnlted  M.  Maurice  Block's  SUitistique  de  la  France 
c&mparee  avec  Us  divers  pays,  from  which  I  reduced  the  varions 
beverages  to  a  common  standard  of  pnre  alcohol.  I  have  not  however 
been  able  to  ascertain  the  quantity  of  distilled  spirits  consumed  in 
foreign  countries,  and  indeed  there  are  so  many  difficulties  in  making 
the  calculation,  owing  to  the  different  and  unspecified  strengths  of  the 
beverages,  that  any  estimate  could  only  be  regarded  as  mere  guess  at 
the  truth.  So  far  as  my  figures  enable  me  to  judge  I  am  not  satisfied 
that  as  a  nation  we  really  drink  much  more  than  some  of  our  neigh- 
bours. This  however  is  small  consolation,  for  the  fact  remains  that 
among  our  workpeople  the  habit  of  drinking  is  far  too  prevalent,  and  we 
must  therefore  hope,  with  the  spread  of  education  and  the  offer  of  more 
rational  amusement,  that  we  are  on  the  way  to  some  improvement. 
In  the  meantime  the  facts  below  are  not  encouraging: — 

1879 
ATenge  aonnal  ooluramptton,  10  jmn  ending  . .        18S0.  1860.  1870.         9  jon. 

A.— Spirits  per  head  of  population,  gals.  *942  1080  946  1-201 

B.— Wine                      „                       n  -224  -234  '430  '517 

AandB.— Equiv.inspirit8(5B-lA)„'  -986  1076  1032  1*807 

Malt  per  head  of  popnlation,  bnsh.      ...  1*392  1*468  1*728  1*888 

Many  writers  on  the  subject  seem  to  be  agreed  that  the  multiplica- 
tion of  public  houses  offers  a  temptation  to  drinking  which  we  should 
do  weU  to  curtail,  and  many  among  them  go  the  length  of  asserting 
that  their  entire  suppression  would  be  a  public  benefit. 

My  own  personal  experience  in  this  direction  does  not  enable  me 
to  give  an  unqualified  assent  to  this  opinion,  particularly  as  regards 
the  latter  portion  of  it.  Too  much  rigour  in  respect  to  such  houses 
of  entertainment  is  apt  to  lead,  and  to  my  own  knowledge  does  lead, 
to  the  frequent  introduction  of  liquor  into  the  houses  of  the  workmen; 
the  effect  of  which  on  the  women  and  children  I  believe  to  be  fraught 
with  most  dangerous  consequences.  The  power  of  prohibiting  the 
sale  of  intoxicating  drinks  does  not  obtain  in  the  United  Kingdom; 
but  in  certain  States  in  the  American  Union  ic  is  otherwise,  and  I 
visited  one  large  railway  engineering  establishment  where,  at  the 
request  of  the  company  and  of  the  inhabitants,  the  system  had  been 
introduced.  The  consequence  was  that  the  men,  after  receiving  their 
pay,  resorted  to  a  town  some  twelve  miles  off,  and  situate  outside 

*  This  is  a  mere  approximation. 
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the  prohibited  area.  Not  only  was  drinking  there  indulged  in  to  a 
hurtful  extent  in  the  public  houses  of  entertainment,  but  the  men 
brought  back  with  them  large  supplies  of  strong  spirits,  for  fntoie 
use  in  the  family  circle. 

It  would  however  be  an  injustice  to  our  workmen  as  a  class  to 
suppose  that,  when  circumstances  permit  it,  considerable  efforts  are 
not  made  to  lay  by  a  portion  of  the  increased  earnings  in  good  times. 
This  will  be  apparent  from  the  JSgures  given  me  by  the  managers  of 
the  Savings  Bank  of  Newcastle-on-Tyne,  where  the  deposits  rose  con- 
siderably in  amount  when  the  staple  industries  of  the  neighbourhood 
were  prosperous,  and  only  began  to  fall  off  when  these  became  de- 
pressed:— 


NewoMtle  Savings  Bank. 

Xnereaseorex 

prerioos  Year. 

Deoreaieorer 

preriousVei 

DepoBiton. 

Amount 

£ 

Depodton. 

Amoonl 
£ 

1870 

608 

14,000 

1871 

286 

8,000 

— 

— 

1872 

962 

33,000 

1873 

1,239 

48,000 

— 

1874 

923 

62,000 

1876 

342 

16,000 

1876 

368 

13,000 

1877 

363 

11,000 

1878 

433 

13.000 

It  would  of  course  be  impossible  to  form  any  estimate,  of  even 
approximate  correctness,  as  to  the  extent  of  private  savings  and  in- 
vestments effected  by  our  labouring  population.  Inasmuch,  however, 
as  the  increase  in  the  amount  of  deposits  in  the  various  Savings  Banks 
in  the  United  Kingdom  has  averaged  for  some  few  years  back  about  2 
millions  sterling  per  annum,  it  is  only  reasonable  to  suppose  that  the 
workmen  have  contributed  a  fair  share  of  this — such  at  least,  I  believe, 
is  the  case  in  Newcastle-on-Tyne.  Again  it  is  genei'ally  understood  that 
large  sums  are  remitted  home  by  the  large  Irish  population  engaged 
in  the  mining  and  manufacturing  establishments  of  Northumberland, 
Durham,  and  North  Yorkshire;  and  this  practice  probably  obtains 
wherever  this  industrious  portion  of  our  labouring  population  is  largely 
employed. 

A  very  considerable  portion  of  the  labour  about  the  ironworks  in 
Cleveland  is  performed  by  Irishmen;  and  public  opinion  is  unanimous 
that  no  people  are  more  able,  or  more  willing,  to  undertake  hard  work 
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than  they  are.  If  different  resolts  are  perceptible  in  Ireland,  there 
must  be  some  defect  in  the  social  circmnstanoes  by  which  they  are 
there  surronnded,  which  does  not  obtain  in  England.  It  is  a  matter 
of  deep  regret  that  occasionally  these  good  qualities  are  marred  by 
indulgence  in  drink,  which  prevents  sach  men  from  rising  to  that 
position  in  the  community  to  which  their  industry  is  capable  of  leading 
them. 

Having  thus,  I  hope,  conclusively  shown  that  the  labouring  man 
in  Great  Britain  is  able  to  command  the  necessaries  of  life  on  terms 
almost,  if  not  quite,  as  favourable  as  on  the  Continent  of  Europe,  it 
remains  for  us  to  consider  whether  this  food,  when  applied  to  the 
living  body,  has  the  same  sustaining  effect  here  as  abroad;  and 
whether  the  results  it  affords  to  the  employer  and  to  the  workmen 
differ  in  different  countries. 

In  such  a  comparison,  much  more  is  required  in  many  instances 
than  a  mere  quotation  of  rates  of  payment,  or  even  than  the  actual 
cost  of  a  given  amount  of  work.  Both  may  be,  and  often  are, 
materially  affected  by  the  convenience  of  the  arrangements  provided 
for  the  use  of  the  labourer;  while  the  difference  in  the  materials 
under  treatment,  and  a  great  variety  of  other  circumstances,  disturb 
any  calculation  intended  for  the  purpose  of  such  an  examination  as 
that  proposed. 

Under  such  circumstances,  the  only  course  to  be  adopted  is  to 
consider  the  question  in  a  very  general  way,  and  as  &r  as  is  prac- 
ticable to  compare  cases  which  resemble  each  other  as  closely  as 
possible. 

The  effect  of  Free  Trade  measures  combined  with  greatly  improved 
modes  of  transport  has  been,  as  we  have  seen,  to  reduce  the  cost  of 
living  with  ourselves,  while  these  very  circumstances  have  had,  for 
reasons  already  given,  an  opposite  effect  abroad.  Under  such  in- 
fluences it  would  not  have  been  surprising  if,  while  the  price  of  labour 
necessarily  rose  abroad,  it  should  have  declined  in  the  United  King- 
dom. Such  however  has  not  been  the  fact.  It  is  true  wages  are 
notably  higher  on  the  Continent  of  Europe  than  they  were  in  former 
times;  but  the  increase  is  still  more  marked  in  the  case  of  the  workmen 
in  Great  Britain. 

Before  entering  upon  the  question  of  labour  in  branches  of  industry 
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most  germane  to  the  present  work,  I  wonld  offer  a  few  brief  remarto 
on  the  relative  cost  of  agricnltnral  labour  in  the  United  Kingdom  and 
on  the  Continent  of  Europe,  so  as  to  establish  a  common  standard  of 
comparison. 

Fifteen  years  ago,  upon  the  occasion  of  a  journey  through  Prance, 
I  found  agricultural  labourers  paid  2s.  to  2s.  4^.  per  diem,  or  Is.  7^ 
if  fed  by  the  &nner.  The  same  class  now  receives  28.  8d.  to  28.  6d. 
per  diem,  or  an  increase  of  about  1 1  per  cent.  In  Alsace  and  Lorraine, 
in  1879,  farm  servants  were  getting  2s.  2d.  to  2s.  7d.  a  day;  and 
according  to  Dr.  Young  the  best  paid  men  got  2s.  in  1858.  In  some 
parts  of  Germany,  however,  the  earnings  are  still  miserably  low.  They 
were  partly  paid  in  money  and  partly  in  provisions,  bringing  up  the  total 
to  irom  Is.  8d.  to  Is.  6d.  per  day.  The  existence  of  these  poor  people 
must  be  a  hard  one,  for  wheat  was  valued  to  them  at  £2  per  quarter, 
wheaten  flour  Is.  lid.  per  stone,  butter  Is.  2^.  per  lb.,  and  potatoes 
^d.  per  stone.  Dr.  Toung  mentions  18  hours  a  day  as  being  spent 
in  the  fields  on  the  Continent,  this  including  meal  times. 

We  still  hear  in  certain  parts  of  England,  viz.,  those  remote  from 
manufacturing  centres,  of  very  low  wages  being  paid  for  agricultural 
labour.  Indeed  in  Cheshire,  at  no  great  distance  from  the  mills  of 
Lancashire,  128.  was,  a  few  years  ago,  the  rate  received  by  ferm 
labourers;  but  in  1879  this  had  risen  to  16s.,  equal  to  an  increase  of 
33  per  cent.  In  Cleveland,  agricultural  servants  were  paid  14s.  per 
week,  anterior  to  the  establishment  of  ironworks  on  the  large  scale 
which  now  distinguishes  that  neighbourhood.  Since  that  time  £1  has 
been  paid,  and  now  (1888),  when  trade  is  by  no  medns  prosperous, 
the  rate  usually  given  is  17s.  or  18s.  The  older  formers  there 
declare  that  there  is  no  improvement,  indeed  the  reverse,  in  the 
amount  of  work  performed  by  their  labourers  now-a-days,  as  com- 
pared with  former  times,  notwithstanding  their  improved  means 
of  doing  the  work.  Such  would  also  appear  to  be  the  opinion  of 
Mr.  Clare  Sewell  Read  as  to  the  county  of  Norfolk;  for  he  states  that 
on  comparing  his  farm  accounts  with  those  of  his  father,  he  found 
that  in  spite  of  improved  machinery  he  was  paying  fully  80  per  cent, 
more  wages  per  acre  than  had  been  done  50  years  before.^ 

1  Journal  of  Statistical  Society,  June  1880,  p.  337. 
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Speaking  from  general  impressions  as  a  manufacturer,  I  would  say 
that  this  is  opposed  to  mj  own  experience.  I  have  seen  the  common 
labourers  in  ironworks  paid  14s.,  sometimes  even  as  low  as  ISs.  per 
week.  Such  men  are  now  receiving  17s.  to  18s.;  and  being  better 
fed,  I  do  not  doubt,  certainly  in  some  cases,  that  they  do  more  work, 
simply  because  they  are  better  able  to  do  it,  and  probably  with  less 
fatigue  than  under  the  lower  scale. 

That  a  diet,  which  suffices  to  keep  a  man  in  excellent  health  with 
moderate  physical  exertion,  may  fail  when  his  energies  are  more 
severely  taxed,  is  consistent  with  well  understood  natural  laws;  and 
the  extent  to  which  this  happens,  is  constantly  recognised  by  those 
who  have  any  experience  in  the  employment  of  Irish  labour.  Young 
healthy  men  come  over  from  the  sister  country  to  England,  and  being 
in  the  vast  majority  of  cases  naturally  industrious,  become,  as  soon  as 
their  improved  style  of  living  permits  it,  very  hard  working  men. 

I  am  greatly  inclined  to  agree  with  Sir  Thomas  Brassey,  M.P.,^ 
who,  speaking  from  his  own  experience  and  that  of  his  &ther,  observes 
that  good  wages  do  not  necessarily  involve  a  high  price  of  labour;  for, 
unless  the  workmen  be  well  fed,  it  is  hopeless  to  expect  that  his  powers 
can  be  fully  developed. 

In  connection  with  that  gradual  and  general  improvement  in  the 
earnings  of  the  workmen  throughout  Europe,  it  may  be  urged  that 
the  great  gold  discoveries  already  referred  to  have  tended  to  depreciate 
the  value  of  the  circulating  medium.  In  other  words,  gold  being 
more  plentiful  than  formerly,  more  of  it  would  have  to  be  given  for  an 
article  in  which  the  relations  of  supply  and  demand  had  not  altered. 
In  spite  however  of  the  depreciation  of  the  precious  metal,  the  British 
workman  is  able  to  buy  more  with  his  money  to-day  than  he  could  do 
forty  years  ago,  while  his  labour  now  commands  a  much  higher  price. 

With  regard  to  the  numerous  class  of  men  known  at  ironworks 
under  the  general  name  of  mechanics— comprising  blacksmiths,  brick- 
layers and  masons,  carpenters  and  joiners,  fitters  and  men  working  at 
lathes,  etc. — it  is  almost  impossible  to  state  in  figures  the  exact  nature 
of  the  change  which  has  taken  place  in  their  wages.  Different  men 
engaged  in  the  same  employment,  and  in  the  same  establishment,  may 

'  "  Lectures  on  the  Labour  Qncstion,"  p.  13. — l^omaa  Brassei/,  M.P. 
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be  paid  at  very  different  rates,  according  to  their  skill  and  ability. 
Looking  over  the  figures  as  they  stand  in  my  notes,  it  looks  as  if 
between  1850  and  1870  there  had  been  an  average  rise  of  10  or  15 
per  cent.  Since  the  latter  year,  in  reduced  hours  of  labour  and  in 
advance  of  wages,  the  men  received  up  to  1873  an  advance  of  88  pa 
cent.,  since  which  time  reductions  have  been  made;  so  that,  as  com- 
pared with  1850,  we  shall  probably  be  near  the  mark  in  assuming  that 
the  men  engaged  in  erecting  and  keeping  in  repair  the  machinery  and 
buildings  of  our  ironworks  are  better  paid  by  80  per  cent,  or  more 
than  they  were  thirty  years  ago. 

To  enable  me  to  speak  with  greater  confidence,  respecting  the 
general  change  which  has  taken  place  in  mechanics'  wages,  the 
manager  of  one  of  the  largest  locomotive  factories  in  the  North  of 
England  has  kindly  extracted  from  the  books  of  the  concern  the 
average  wages  actually  paid  since  the  year  1850.  From  these  returns 
the  percentage  of  increase  on  the  rates  of  that  year  have  been  calculated 
for  1874,  when  all  wages  rose  to  an  unprecedented  extent;  and  also  for 
the  beginning  of  1881,  when  there  is  a  large  Ming  off  as  compared 
with  1874.  The  wages  of  all  trades  gradually  rose  until  in  1874  as 
compared  with  1850,  they  reached  the  increase  below  of: — 


Fitten  and  machine-men 

Black-gmiths 

Striken  to  black-smiths 

Joiners 

Brick-layers 


Average  increase  of  the  five  classes        41*73 


1874. 

Increase  M 

compared 

with  1850. 

1881. 

Increase  as 

compared 

withlWM. 

31*99  per  cent.     . 

..     18*58  per  cent. 

4108       „ 

..     23-24       „ 

30*71       „ 

..     21-95       „ 

60-94       „ 

..     39-62       „ 

50*94       „ 

..     40-12       „ 

41*73       „ 

..     28-70       „ 

On  January  1st,  1872,  the  whole  of  the  men  in  qnestion  com- 
menced the  nine  hours  system,  ue,y  instead  of  working  as  hitherto  60 
hours  in  each  week  they  restricted  themselves  to  54  hours;  so  that  an 
additional  10  per  cent,  must  be  added  to  the  jSgures  just  given,  as 
indicating  the  rise  in  wages  since  1850.  So  far  as  the  cost  of  a  given 
amount  of  labour  is  concerned,  the  gentleman  to  whom  I  am  indebted 
for  the  above  particulars,  considers  that  at  the  present  time  it  is  in- 
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creased  fully  as  much  as  the  calculation^  including  the  nine  hours 
restriction,  would  indicate — say  from  30  per  cent,  to  50  per  cent.  In 
this  opinion,  it  may  be  added,  he  is  supported  by  almost  every  one 
whom  I  have  consulted  on  the  subject. 

In  the  absence  of  some  common  standard  to  which  the  price  of  labour 
can  be  referred,  it  is  of  course  very  difficult  to  compare  one  workman 
with  another,  even  of  the  same  nation;  and  this  difficulty  is  con- 
siderably enhanced  when  we  attempt  the  task  as  between  Englishmen 
and  foreigners.  Looking  over  the  quotations  in  my  possession,  I  have 
arrived  at  a  general  impression  that  22  to  25  per  cent,  higher  rates 
are  paid  in  this  country  for  a  given  amount  of  work  than  it  costs 
abroad;  and  I  found  there  a  common  way  of  expressing  the  difference 
was  to  say  that  the  same  labour  which  cost  shillings  in  England 
could  be  done  for  francs  in  France,  which  means  a  balance  against  us 
of  27  per  cent.  If  these  suppositions  be  correct,  as  applied  to  the 
building  of  a  piece  of  mechanism  like  a  locomotive  engine,  the  differ- 
ence becomes  one  of  a  serious  character.  Such  a  machine,  if  of  large 
dimensions,  may  cost  at  present  £2,400,  of  which  probably  one-third 
is  wages  paid  by  the  builder.  The  materials  used  in  its  construction 
by  the  best  houses  are  of  high  quality  in  which  we  enjoy  little  or  no 
advantage  over  foreign  nations  in  respect  to  price,  and  when  we  come  to 
apply  a  saving  of  say  25  per  cent,  on  the  wages,  in  favour  of  the  Con- 
tinental manufacturer,  it  means  that  a  locomotive  costing  £2,400  can 
be  supplied  for  £2,200  from  France  or  Germany.  It  is  needless  to  say 
that  such  a  margin,  other  things  being  equal,  is  quite  enough  to  with- 
draw custom  from  our  makers. 

On  the  Continent  of  Europe,  as  well  as  in  the  United  States,  ac« 
cording  to  information  obtained  on  the  spot,  men  of  other  occupations, 
such  as  low-priced  carpenters,  are  permitted,  if  they  show  any  aptitude 
for  the  work,  to  take  charge  of  certain  tools  in  engineering  establish- 
ments. The  object  in  hand  is  centred  in  the  lathe,  or  placed  on  the 
bed  of  the  machine,  with  a  little  assistance  from  a  skilled  mechanic, 
after  which  it  is  superintended  by  the  cheaper  labourer. 

Without  however  including  any  advantage  of  the  nature  suggested, 
ihe  actual  wages  paid  in  recent  years  on  the  Continent  to  the  different 
classes  of  mechanics  engaged  in  repairs  at  ironworks  are  here 
inserted: — 
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ntten  and 

Maohine-nieii. 

8.     d. 

Black- 
Muithp. 
8.     d. 

striken. 
8.     d. 

Joiners  and 

Carpenters. 

s.     d. 

Bricklayet*. 
s.     d. 

Germany, 

1870  ... 

— 

2    2 

1    6 

2    6 

2    6 

?i 

1878  ... 

3  0  to  36 

»> 

1879  ... 

— 

8    3 

2    6 

— 

ff 

ff 

3/0  to  8/6 

3    4 

2    6 

3     2 

>» 

n 

— 

3    6 

2    6 

France, 

1878  ... 

— 

3/2  to  sm 

M 

ff 

— 

— 

3    61 

»» 

» 

3    61 

— 

3  11^ 

3    61 

l> 

ff 

3/6f  to  46 

3    9 

3    6f 

2    9^ 

Belgium, 

1878  ... 

3/2  to  8  IIJ 

\    3    2 

3/2  to  3/11 

i   3     2 

ff 
f» 
»f 


V  -• 


The  average  wage  paid  in  the  repairing  shop  of  a  large  Belgian 
iron  works  amonnted  to  2s.  lid.,  ranging  Arom  2s.  4^d.  to  8s.  6|d. 

From  these  figures  we  may  infer  the  following  averages  for  187J5 
and  1879:— 

a  d.  8.  d. 

Fitters  and  machine-men    3  7  against  4  6i  paid  in  the  North  of  England. 

Blacksmiths       3  5^,,       4  9 

Strikers  to  blacksmiths...     2  6       „       3  1^ 

Joiners 3  9       „       4  7i 

Bricklayers        3  4J     „       4  7 

Since  in  Germany  and  France  10  hours,  and  in  Belgium  10^  hours, 
form  the  working  day,  instead  of  9  as  with  us,  we  may  assume  the 
average  pay  of  mechanics  of  the  four  classes  enumerated  above  to  be 
about  30  per  cent,  cheaper  than  it  is  in  the  United  Kingdom.  The 
relative  eflBciency  of  labour  in  an  engine  building  shop  with  us  and 
abroad  would,  as  has  been  already  stated,  be  difficult  to  estimate;  but 
I  learnt  that  for  8s.  2d.  to  3s.  6|d.  a  French  bricklayer  would  place 
1,200  to  1,500  bricks  for  a  day's  work,  and  in  Germany  1,000  to 
1,500  bricks  were  laid  in  a  day  at  a  cost  of  8s.  to  3s.  6d.  for  the 
bricklayers.  In  both  cases  there  was  little  or  no  difference  in  size 
of  the  foreign  bricks  as  compared  with  those  used  in  England. 
This  I  believe  is  as  much  as  is  done  by  the  best  of  our  men,  who 
often  receive  6s.  6d.  for  their  day's  work;  and  if  these  figures  can  be 
assumed  as  indicating  the  relations  between  British  and  foreign 
labour,  the  convenient  way  of  expressing  the  difference  in  shillings 
instead  of  irancs  is  considerably  below  the  mark. 

On  discussing  the  comparative  cost  of  labour  between  the  Rhenish 
provinces  and  England,  a  most  intelligent  director  of  a  foreign  work 
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informed  me  in  1878  that,  in  his  opinion.  Great  Britain  possessed 
the  advantage  in  the  cost  of  such  articles  as  required  a  small  amount 
of  labour  to  be  expended  on  their  production;  but  the  moment  wages, 
particularly  for  skilled  labour,  constituted  a  more  important  element 
in  the  cost,  Great  Britain  was  unable  to  compete  with  Germany. 
According  to  this  gentleman,  pig  iron  fell  within  the  scope  of  the 
first  of  these  conditions,  and  steam  engines  within  that  of  the  second. 
In  the  earlier  days  of  the  Bessemer  process,  his  firm  had  obtained  a 
blowing  engine  &om  England ;  which  performed  its  work  so  admirably 
that,  when  requiring  a  second,  they  were  unwilling  to  incur  the  risk 
involved  in  employing  a  German  builder,  who  was  without  experience 
in  machinery  of  this  description.  But  in  spite  of  the  English 
engineer  having  cheaper  iron  at  his  command,  the  price  of  his  German 
competitor  was  fully  80  per  cent,  lower;  and,  in  consequence,  the 
second  engine  was  made  at  home,  and  it  has  done  its  duty  to  his  entire 
satisfaction. 

The  extra  cost  of  labour,  however,  tells  much  more  severely  against 
Great  Britain,  when  the  calculation  is  applied  to  articles  in  which 
workmanship,  instead  of  forming  80  per  cent,  of  the  price  of  the 
machine,  amounts  to  double  this.  Such  is  the  case  with  regard  to 
spinning  machinery,  like  self-acting  mules,  etc.  I  have  it  from  a 
most  trustworthy  source,  my  informant  being  himself  a  large  manu- 
facturer of  this  class  of  tools,  that  upon  a  machine  which  is  sold  for 
£280  the  nine  hours'  movement  has  increased  the  cost  of  labour  by 
nearly  £14.  If  this  sum  be  added  to  the  additional  wages  stated  by 
competent  authorities  as  being  already  paid  to  our  mechanics,  it  will 
be  seen  that  nothing  but  extraordinary  skill,  which  however  may  be 
easily  imitated  by  the  foreigner,  can  secure  for  our  manufacturers  a 
market  for  their  goods  beyond  the  seas. 

There  is  another  branch  of  industry  that  deserves  consideration 
in  this  comparison  of  foreign  with  British  labour,  viz.,  iron  ship- 
building. It  will  hereafter  be  shown  that,  although  we  may  in  most 
cases  be  able  to  produce  pig  iron  more  cheaply  than  our  Continental 
neighbours,  yet  when  this  pig  iron  is  passed  on  to  the  malleable  iron 
works,  cheaper  labour  may  enable  the  foreign  manufacturer  to  produce 
ship  plates  at  as  low  a  price  as  can  be  done  in  any  place  in  the  United 
Kingdom. 
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Now  the  tonnage  oonstmcted  last  year  in  the  English  and  Scotch 
ship-building  yards  was  such  that  the  wages  paid  would  probably  not 
be  far  short  of  d^l,500,()00.  The  rates  paid  range  so  that  the  chief 
men  engaged  on  the  iron  work  in  one  establishment  averaged  from 
8s.  9d.  to  128.  lO^d.  per  day,  over  813  days  in  1880. 

According  to  returns  in  my  possession,  from  two  or  three  English 
yards  and  one  on  the  Continent,  the  average  earnings  of  the  entire 
establishments,  induding  boys,  appear  to  be  such  that  the  English 
hands  receive  almost  exactly  double  the  money  paid  to  the  foreign 
workman.  In  addition  to  this  the  hours  of  labour  abroad  are  60  to 
62  per  week,  against  54  in  England. 

Having  received  information  which  thus  seemed  to  place  the 
English  ship-builder  at  such  a  great  disadvantage  with  his  Continental 
competitor,  I  have  extended  my  enquiries  relating  to  so  important  a 
section  of  our  manufactures,  one  moreover  which  has  a  very  close 
connection  with  the  iron  trade  of  our  country.  Prom  the  owner  of 
a  Continental  ship  yard  I  obtained  the  following  information  respecting 
the  rates  of  wages  paid  at  his  establishment : — 


a.    d.        B.     cL 

Joiners 

•  •  • 

8    2 

Carpenters    ... 

•  a  • 

8  11} 

Blacksmiths  ... 

•  •  • 

8    2  to  3  Hi 

Platers 

•V 

8    2 

Riveters 

•  ■  • 

8    2 

Fitters 

•  •  • 

8    2  to  8  Hi 

The  average  amount  paid  to  all  employed  in  the  yard  (working 
ten  hours  per  day)  is  2s.  ll|d. 

So  far  as  information  obtained  in  England  enables  me  to  judge, 
the  following  table  shows  the  relations  of  the  wages  paid  in  ship- 
building  yards  here  and  abroad: — 

England.  Oennany. 

8.     d.  s.      A.  8,       d,  B.       d. 

Patternmakers  29  10    to  32    0        19    8^  to  23    4 

Iron  founders 30  9  to  32  2i  13    3  to  20  1 

Tamers  29  2i  to  80  9  14    2  to  27  4 

Planers           25  9  to  27  8  19  11  to  22  4 

Drillers  and  borers    23  0  to  25  1  15  11  to  22  2 

Blotters           27  8  to  28  3|  20    0  to  28  0 

Platers            33  8  to  37  Oi  17  10  to  33  8 

Riveters          •...  32  2  to  33  9J  lill  to  24  1   * 

Holders-up     24  9  to  27  0  14    2  to  16  4 

Avem^e  28    6^      80    5        16    1         2t    2 
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The  average  of  the  English  wage,  according  to  these  figures  is 
298. 6d.,  compared  with  208. 1^.  for  Germany ;  which  makes  a  difference 
against  the  former  of  nearly  one-half.  Besides  thLs  the  Germans 
work  longer  hours,  which  increases  the  difference  by  a  further  15 
per  cent. 

This  at  best  is  a  rough  way  of  stating  the  amount,  because  it 
assumes  that  there  is  the  same  number  of  men  in  each  branch,  which  is 
contrary  to  feet.  A  still  greater  cause  of  disturbance  arises  from  the  fact 
that  the  above  comparisons  are  all  based  on  day's  work ;  but  in  English 
yards  about  two-thirds  of  the  men  are  engaged  by  the  piece.  If  a 
vessel  of  3,000  tons  were  built  on  the  time  system,  and  German  labour 
were  as  much  cheaper  as  the  above  figures  would  indicate^  it  would 
mean  a  greater  cost  of  more  than  £2,000  as  against  the  English 
builder. 

Inasmuch  however  as  the  greater  portion  of  the  work  on  an  iron 
vessel  is  performed  by  contract^  no  exact  comparison  can  be  drawn 
from  the  figures  given  above.  It  would  appear  as  nearly  as  may  be 
that  one-third  of  the  men  working  at  an  iron  ship  are  paid  by  the  day, 
and  two-thirds  by  the  piece.  According  to  a  return  with  which  I  have 
been  favoured,  the  former  average  close  on  48.,  and  the  latter  nearly  7s. 
per  day.  In  each  case  boys  are  included  in  the  estimate,  the  average 
of  the  entire  yard,  men  and  boys,  being  nearly  6s.  per  day.  This,  it 
will  be  perceived,  is  almost  exactly  double  the  rate  of  the  foreign  yard 
just  mentioned,  so  that,  unless  the  English  artisan  turns  out  double 
the  work  of  his  foreign  competitor,  the  English  ship-builder  is  placed  at 
a  disadvantage. 

The  large  amount  of  wages  paid  for  ship-building  renders  the 
business  one  of  national  importance ;  and  any  interruption  to  its  pro- 
gress, still  more  any  diminution  due  to  foreign  competition^  possesses 
great  national  interest.  In  the  foregoing  paragraph  I  have  contented 
myself  with  pointing  out,  to  those  more  immediately  concerned,  the 
difficulty  which  British  ship-builders  may  have  to  encounter  in  com- 
peting with  foreign  houses,  so  far  as  the  mere  construction  of  a  vessel 
is  concerned. 

The  general  subject  of  expensive  labour  incurred  in  the  construction 
of  iron  vessels,  will  be  apparent  at  a  later  period  of  the  present  section, 
when  the  wages  paid  in  the  plate-mills  are  being  considered. 
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It  is  often  alleged  that  the  law  of  supply  and  demand  will  always 
regulate  the  price  of  a  commodity.  In  regard  to  labour,  this  in  the 
long  run  may  be  true,  but  the  adjustment  is  often  deferred  hy  the 
action  of  those  concerned.  In  isolated  cases,  however,  we  have  examplea 
of  the  price  of  labour  never  accommodating  itself  to  the  ability  of  the 
manufacturer  to  afford  to  pay  it.  As  an  example  of  a  large  amoont  of 
a  particular  class  of  labour  being  thrown  on  the  market,  and  the  product 
of  this  labour  selling  at  unremunerative  prices  without  wages 
experiencing  any  reduction,  I  would  quote  the  chemical  trade  on  the 
Tyne.  It  is  notorious  that  for  some  years  past  this  importaat  branch 
of  manufacture  has  been  carried  on  at  a  loss,*  and  although  the  state 
of  things  has  been  recently  intensified  by  the  quantity  of  soda  made 
by  the  ammonia  process,  the  owners  of  the  chemical  works  there  were, 
I  believe,  losing  money  before  they  were  being  undersold  by  establish- 
ments using  this  recent  invention.  Of  the  reality  of  the  losses 
there  is  no  doubt,  for  thirteen  establishments  in  the  district  have 
been  closed  and  sold  as  old  material.  The  discontinuance  of  these 
works  meant  a  reduction  of  24  per  cent,  of  the  make  of  the  neigh- 
bourhood. 

Between  the  years  1857  and  1880,  or  say  in  a  space  of  25  years,  the 
products  of  the  works  in  question,  viz.  soda  ash,  refined  alkali,  crystals 
of  soda,  bi-carbonate  of  soda  and  bleaching  powder,  had  fallen  in  valne 
from  35  to  60  per  cent.,  an  average  decline  thei*efore  of  about  40  per 
cent.  The  price  of  the  raw  materials  kept  pace  to  some  extent  with  this 
depreciation  in  value,  but  it  was  otherwise  with  labour,  for  I  found 
that  in  a  work  paying  £564  per  week  in  1857  their  pay  bill  was  £860 
in  1881.  Making  allowance  for  the  increased  number  of  men,  it  was 
ascertained  that  for  20s.  earned  per  head  in  the  former  year,  278.  6d. 
was  paid  in  the  latter.  This  rise  in  wages  is  equal  therefore  to  d7| 
per  cent,  during  the  25  years. 

Attempts  were  made  from  time  to  time  by  some  firms  to  reduce  the 
wages,  in  order  to  avoid  the  serious  losses  which  had  been  encountered 
in  carrying  on  the  works.  None  of  these  recent  attempts  met  with  any 
success,  doubtless  for  the  simple  reason  that  the  general  state  of  wages 
in  the  district  had  advanced,  and  the  men  who  had  been  employed  in 
the  soda  works  sought  for,  and  obtained  other  employment  for  which 
their  previous  life  had,  to  some  extent,  prepared  them. 
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Thus  it  may  quite  well  happen  that  an  important  branch  of 
indnstry  may,  from  a  change  of  circomstances,  fall  into  a  state  of  great 
•difficolty,  notwithstanding  that  a  considerable  demand  may  still  exist 
for  its  products.  In  the  case  under  consideration,  that  of  soda,  this 
alkali  can  undoubtedly  be  manu&ctured  more  economically  by  Solvay's 
ammonia  process  than  by  the  Leblanc  process.  By  the  latter,  how- 
ever, no  bleaching  powder,  a  bye-product  of  the  Leblanc  system,  is 
made.  To  obtain  this  article,  a  considerable  quantity  of  soda  continues, 
and  must  continue,  to  be  produced  on  the  old  plan,  but  the  soda 
itself  is  now  (1882)  selling  at  so  low  a  price  as  to  entail  the  con- 
sequences just  referred  to. 

COAL. 

Passing  irom  what  may  be  regarded  as  the  more  general  aspects  of 
the  labour  question  in  Europe,  I  propose  now  considering  the  gradual 
changes  which  have  taken  place  in  the  mining  and  other  labour  con- 
nected with  the  manufacture  of  iron.  For  the  purposes  of  this  enquiry 
the  raw  mateiials  claim  the  first  place,  and  of  these  we  will  commence 
with  coal. 

To  make  a  proper  comparison  between  different  localities,  as  to  the 
cost  and  efficiency  of  labour  employed  in  winning  coal,  it  is  of  course 
essential  that  the  conditions  should  be  the  same.  In  point  of  fact, 
however,  this  rarely  happens:  differences  in  thickness  and  hardness  of 
the  seam,  and  the  greater  or  less  freedom  from  faults  in  the  strata,  or 
troubles  as  they  are  commonly  called  in  Northumberland  and  Durham, 
are  the  chief  causes  which  derange  calculations  bearing  on  this 
question. 

The  actual  quantity  of  coal  cut  for  a  day's  work  is  therefore  of  itself 
not  necessarily  a  trustworthy  guide  in  the  enquiry ;  and  in  addition, 
while  on  the  Continent  the  hewers  may  be  engaged  ten  hours  in  the 
pits,  five  or  six  hours  only  is  spent  at  the  iace  of  the  coal  in  the  Durham 
coUieries,  the  men  remaining  seven  hours  only  in  the  pit. 

Besides  the  natural  causes  just  referred  to,  the  coal  hewers  some- 
times interpose  one  of  an  artificial  character,  viz.,  that  of  limiting  the 
output.  In  the  years  1870  and  1871  the  men  in  pne  case  cut  on  an 
average  nearly  4^  tons  of  coal  for  a  day's  work,  the  pit  working  above 
300  days  in  the  year;  for  which  they  received  about  4s.  6d.  after 
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paying  for  lights  and  powder,  besides  having  house  rent  and  firing 
without  any  charge.  In  1872  trade  began  to  improve,  and  the  yield 
fell  to  a  trifle  above  8|  tons,  for  which  5s.  7  Jd.  was  paid ;  and  in  1875 
and  1874  the  average  per  hewer  was  only  8^  tons,  by  which  he  earned 
nearly  7s. 

Since  that  time  as  much  as  92  cwts.  per  shift  have  been  averaged  in 
the  same  colliery,  so  that  taking  4^  tons  as  the  possible  output  per  man,. 
each  hewer  sacrificed  Is.  per  day  during  the  last  two  years  of  restricted 
work,  equal  to  about  15  per  cent,  on  his  earnings. 

This  production,  thus  reduced  by  the  men,  diminished  the  output 
in  1873  as  compared  with  1872  by  755,000  tons;  while  merely  for  the 
iron  trade  dependent  on  the  Northumberland  and  Durham  coals  above 
250,000  tons  more  were  needed  than  in  the  previous  year.  There  was 
therefore  from  this  cause  alone  a  deficiency  of  above  one  million  tons. 
This  circumstance,  along  with  increased  activity  in  all  branches  of 
business,  led  to  new  pits  being  sunk,  and  high  wages  attracted  fresh 
men  to  the  district.  In  1875  and  1876  the  produce  of  the  two 
counties  reached  82  million  tons.  Prices  then  began  to  fall,  and  with 
them  wages  declined  fully  two  shillings  a  day  to  the  hewers;  and  even 
this  reduced  rate  was  only  earned  by  reverting  to  their  old  scale  of 
output. 

The  effect  produced  in  the  coal  and  iron  districts  of  Durham  and 
North  Yorkshire  will  not  soon  be  forgotten,  although  arising  from  a 
deficiency  which  probably  did  not  amount  to  10  per  cent,  on  the  total 
produce.  The  iron  markets,  however,  were  in  so  excited  a  state  that 
anthracite  coal  was  brought  in  some  instances  by  rail  from  Wales,  to 
keep  the  furnaces  moving,  and  coke  reached  the  unprecedented  price 
of  40s.  per  ton  at  the  pits.  Under  no  conceivable  circumstances  was 
it  to  be  expected  that  wages  should  or  ought  to  remain  uninfluenced  by 
such  a  state  of  things;  but  the  unfortunate  part  of  the  transaction  is 
that  the  men,  instead  of  selling  as  much  of  their  work  as  possible  when 
it  commanded  so  high  a  price,  sought  to  influence  the  labour  market 
by  the  means  referred  to.  Something  considerably  short  of  their  old 
rate  of  working  would  yet  have  enabled  the  coal  owners  to  make  good 
the  quantity  in  deficit.  In  the  then  state  of  the  trade  the  whole 
could  have  been  disposed  of  at  fair  prices.  The  competition  arising 
from  a  needless  number  of  new  pits  and  from  a  plethora  of  men  has 
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been  followed  by  the  usual  conseqaeiices  of  an  attempt  to  interfere 
with  the  principles  of  political  economy.  There  was  worked  in  the 
North-East  of  England  under  80  million  tons  of  coal  in  1878,  a  time 
wheD  we  required  82  millions,  and  could  have  got  this  quantity  with  our 
then  appliances  in  this  comer  of  the  island  alone.  We  can  now  (1882) 
work,  not  only  82  millions,  but  probably  84  millions;  unfortunately 
however  we  do  not  need  all  we  are  able  to  work. 

I  would  not  have  it  supposed  that  the  workmen  are  alone  respon- 
sible for  the  present  evils  of  over-production.  Viewed  by  subsequent 
events,  a  good  deal  of  imprudence  can  be  laid  at  the  door  of  the 
colliery  owners.  Misled  by  the  extravagant  price  of  coal,  imprudent 
speculations  were  entered  into,  many  of  which  ended  disastrously  for 
the  adventurers.  -  It  may  however  be  claimed  for  the  masters,  that  they 
endeavoured  to  obtain  as  large  a  produce  from  their  mines  as  possible; 
in  which,  in  some  instances,  they  were  certainly  not  seconded  by  their 
men.  Gases  are  known  in  which  fresh  pits  have  been  sunk  by  mine 
owners,  to  make  good  the  deficiency  accruing  from  short  workings  in 
pits  already  existing. 

The  following  statement  shows  the  average  weight  of  coal  worked 
by  each  hewer  during  14  years  in  a  South  Durham  colliery.  The 
net  daily  earnings  given  are  after  paying  for  oil  and  powder.  Besides 
this  the  miner  has  free  house  and  firing: — 
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There  were 

,  seyeralohuises 

in  waces 

in  each  year 

during  these 

5  years. 


1878 
1879 

Usso 


Weight  of  Coal. 
Cvts.  per  Day. 

80-39 

Net  Earnings 
Per  Day. 
B.    d. 

4     1-27 

83-87 

4    5-67 

76-03 

5    7-40 

70-80 

6  10-65 

7014 

5    9-13 

78-64 

5  1016 

90-00 

5     0-54 

74-63 

4    442 

91-96 

4     3-73 

14 


The  coal  raised  per  man  employed  in  the  pits,  all  told,  in  1872  was 
90  per  cent,  of  that  got  in  1874,  and  only  80  per  cent,  of  that  of  1870. 
The  same  seam  was  worked  during  the  14  years,  and  the  pits  were 
actively  engaged  for  800  to  812  days  in  the  several  years. 


1873. 

1874. 

1875. 

1876. 

1877. 

1878. 

1879. 

1880. 

laai. 

18BL 

a35 

330 

389 

341 

351 

356 

350 

401 

398 

39B 
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Taking  every  one  engaged  above  and  below  ground  in  the  Inspec- 
tion District  of  the  Soath  Durham  coal  mines,  the  following  shows 
the  produce  in  tons  per  man  employed  for  the  ten  years  ending  1 882 : — 

Tons 

It  would  thus  appear,  comparing  1873  with  1880,  that  the  output 
at  the  whole  of  the  mines,  according  to  the  Government  return^  shows 
a  deficiency  in  the  former  year  of  20  per  cent. 

By  the  kindness  of  a  friend  largely  engaged  in  the  Durham  ooal 
trade,  I  have  ascertained  the  following  to  be  the  changes  which  have 
taken  place  in  the  price  of  labour  in  that  trade  between  1850  and  1881. 

In  the  former  year  the  hewers  in  a  particular  seam  were  eight  hours 
''at  the  face"  in  the  whole  coal,  and  six  hours  in  the  broken.  During 
this  time  they  received  88.  10^.,  with  free  house  and  fire.  In  1881 
in  the  same  seam  only  five-and-a-half  hours  were  spent  "at  the  fece"  in 
the  whole  coal,  and  four-and-three-quarter  hours  in  the  broken  coal; 
and  in  this  shorter  period  the  money  earned  was  4s.  5^.,  with  house- 
rent  and  firing  as  before.  The  men  therefore  worked  fully  a  fourth  less 
time,  and  nevertheless  were  able  to  earn  about  15  per  cent,  more  money. 

Accoixiing  to  an  article  which  appeared  in  the  Newcastle  Chranick 
in  1881,  the  boys  in  the  Rainton  and  Pittington  Collieries  received 
in  1847  lOd.  per  day,  and  the  best  paid  men  20s.  per  week.  At 
Shotton  and  Haswell  Pits  the  average  earnings  over  several  months 
only  amounted  to  Ss.  8d.  per  day,  and  at  Hartley  Colliery  3s.  4d. 

An  old  friend  of  my  own,  one  of  the  most  experienced  mining 
engineers  in  the  North  of  England,  reminds  me  that  50. years  ago  it 
was  no  uncommon  thing  for  a  hewer  to  remain  13  or  14  hours  in  the 
pit.  For  this,  it  may  be  presumed,  he  would  receive  a  rate  of  pay 
not  exceeding  that  mentioned  in  the  Newcastle  Chronicle.  According 
to  the  recollection  of  my  informant,  a  hewer  worked  no  more  coal 
than  his  successor  does  now,  but  his  exertions  were  spread  over  a 
much  longer  time.  Probably  the  pay  at  that  time  did  not  enable 
a  man  to  be  so  fed  as  to  be  capable  of  the  more  violent  exertion 
now  put  forth  by  the  better  paid  miner  of  the  present  day. 

No  heed  is  taken  of  any  increase  in  the  number  of  collieries  in  any 
of  the  cases  above  referred  to.    Any  increase  in  the  powers  of  produc- 
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tion,  stimulated  by  the  high  prices,  would  probably  not  be  generally 
employed  before  1876"  although  there  was  an  increase  in  1878  and 
1874.  According  to  the  returns  of  the  Mining  Record  Office,  the 
number  of  collieries  working  coal  in  the  Northern  counties  in  1871 
was  804.    This  was  increased  in  the  four  following  years  as  follows: — 

1872.      1873.      1874.      1876. 

Number  of  collieries 357  382  387  427 

It  has  to  be  observed  in  reference  to  the  restricted  output  of  the 
£n(>:lish  miners,  that  it  not  infrequently  happens,  owing  to  want  of 
demand  for  coal,  particularly  at  collieries  dependent  on  the  shipping 
trade,  that  restriction  emanates  from  the  coal  owners  and  not  &<»m  the 
coal  hewers.  In  the  years  1872  and  1878,  however,  such  an  event 
would  be  of  rare  occurrence.  Applying  actual  figures  to  the  case 
before  us,  it  would  appear,  according  to  an  account  published  by  the 
Durham  coal  trade,  that  the  percentage  of  shifts  lost  by  the  men  lying 
idle  was  as  follows; — 


1873. 

1874. 

1875. 

1876. 

1877. 

1878. 

1879. 

16-00 

13-81 

11-72 

9-97 

811 

6-58 

6-12 

There  is  no  country  in  the  world  except  Great  Britain  which, 
having  regard  to  its  area  and  population,  produces  so  much  coal  as 
Belgium;  and  of  the  total  quantity  raised  in  this  kingdom,  say  14;^ 
to  16|  millions  of  tons  per  annum,  10^  to  11^  millions  are  from 
the  mines  of  the  province  of  Hainaut.  In  respect  to  this  portion  of 
the  output,  I  have  extracted  the  following  figures  from  the  reports 
of  M.  Einile  Laguesse,  Chief  Engineer  and  Mines  Director  to  the 
Governor  of  the  province.  These  extend  over  the  last  ten  yeai-s 
ending  1879.  The  table  gives  the  yearly  output  per  workman 
engaged,  the  average  weekly  earnings  of  the  entire  staff,  and  the 
selling  prices  of  coal  during  the  diflferent  years: — 


1870. 

18n.       1872.      1873. 

1874. 

1875. 

1876. 

1877. 

1878.      1879. 

Tons. 

ToziB.     Tons.     Tons. 

Tons. 

Tons. 

Tons. 

TOUB. 

Tou8.    Tons. 

Output... 

140 

144       157      146 

133 

136 

133 

137 

150       165 

Wage  per 

vlT v6K   •  •  • 

8.    d. 

8.    d.       8.  d.      a.   d. 

s.    d. 

8.     d. 

8.     d. 

8.     d. 

8.      d.        8.     ( 

UlOi 

12  11     16  0     215 

18  2 

17  lU 

15    9 

12    8 

12  8^  12  £ 

PriceofcoalS   9      9    1     10  9117  4    13  2^    12    6       10  Hi    8  lOf    8  OJ    7  6* 
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During  the  years  1872  and  1878^  the  output  per  man  engaged 
in  the  Belgian  collieries  was  more  than  maintained,  as  compared 
with  1870  and  1871,  the  increased  produce  amounting  to  2  per 
cent,  on  the  former  years.  The  average  earnings  of  all  hands  engaged 
in  the  coal  mines  of  Belgium  were  2b.  B^d.  per  day  for  1870  and  1871, 
and  38.  l^d.  for  1872  and  1878,  or  an  increase  of  36  per  cent. 

Indeed  it  is  a  remarkable  thing  that  on  the  Continent,  so  far  I  can 
judge,  the  very  opposite  line  of  conduct  to  that  of  restriction  appears  to 
be  adopted.  There  the  workmen  follow  the  example  of  the  coal  owners 
by  endeavouring,  to  use  a  homely  phrase,  to  make  hay  when  the  sun 
shines.  At  the  csoUieries  of  Aniche  in  France,  according  to  a  published 
statement,  instead  of  allowing  the  output  to  decline  17  to  20  per  cent, 
in  the  years  of  high  prices,  1872  and  1878,  there  was  an  actual  in- 
crease of  10  per  cent,  in  the  rate  of  production  of  the  men  engaged  at 
the  mine.  The  increase  in  the  men's  money  earnings  appears  to  have 
been  about  15  per  cent. 

All  the  authorities  I  have  consulted  agree  in  the  opinion  just 
mentioned,  that  there  has  been  a  marked  addition  to  the  earnings 
of  colliers  on  the  Continent.  Quoting  from  a  publication  abready 
referred  to,  the  following  table  contains  the  average  income  and  coal 
worked  per  man  in  the  collieries  in  the  Department  du  Nord  et 
du  Pas  de  Calais: — 

Year    186a      1868.    1871     1873.    1874.     1876.    1878. 

s.d.     a.  d.    t.d.    B.d.   B.d.    8.d.    a.d. 

Wages  per  week...  10  7^      12  8f     15   7i     17   2     16  4i     15   4}    16    U 

Cwta.  Owte.         Owts.         Owte.       Owfes.         Owto.         Ovts. 

Quantity  worked 
per  day 41*58        61*20       68*82        67'6        60  60         58*46 

In  no  case  is  the  number  of  days  actually  worked  given.  As- 
suming this  to  be  the  same  in  all  the  years,  the  figures  present  a 
remarkable  improvement  in  efficiency,  which  is  probably  due  to  the 
better  fare  placed  within  reach  of  the  workmen  by  an  improved  rate 
of  pay.  Besides  this  fact,  it  will  be  observed  that  in  times  of  high 
wages  the  workmen's  exertions  were  increased. 

The  largest  quantity  of  coal  raised  in  these  French  collieries,  per 
individual  employed  per  annum,  was  179  tons  in  1872;  which,  however, 
only  slightly  exceeds  the  half  of  the  average  worked  per  man  in  the 
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South  Durham  ooal-field  during  seven  years.  This  latter  amounted  to 
350  tons,  accordmg  to  an  official  return;  and  this,  it  may  be  observed, 
was  often  largely  exceeded  at  some  individual  collieries,  where  the 
work  was  of  a  constant  character  and  independent  of  the  shipping 
trade.  The  authorities  I  have  consulted  mention  the  fact  that  at  these 
collieries,  between  1844  and  1876,  the  produce  per  individual  had 
been  increased  70  per  cent.;  while  the  wages  during  the  same  period 
had  been  raised  140  per  cent. 

At  the  collieries  of  Aniche,  according  to  M.  Veuillemin,  previously 
quoted,  the  daily  average  wage  of  2,172  people  in  the  year  1869  was 
2s.  2d.  per  day,  which  had  increased  in  1877  to  2fl.  9^. — equal  to  a 
rise  of  28  per  cent. 

From  an  official  return  from  these  Aniche  mines,  it  would  appear 
that  the  earnings  of  the  coal  hewers  at  that  concern  in  1827  were  only 
Is.  5id.  per  day.  In  1869  their  wages  were  8s.  l|d. — equal  to  a 
rise  of  118  per  cent.  In  the  "wild"  years  of  1873  and  1874  this 
class  of  men  in  the  same  locality  received  8s.  9id.,  which  fell  in 
1877  to  3s.  2|d.  These  rates  were  earned  on  276  days  of  the  year, 
and  the  rise  appears  to  have  been  as  follows: — 

1827  to  1846,  i.e.  18  years,  at  the  rate  of  about  2  per  cent,  per  annum. 
1845  „  1866    „  20  „  „  2        „ 

1866  „  1876    „  10  „  „  6J 


»  n 


At  the  collieries  of  Montrambert  and  de  la  B^raudi^re,  in  Central 
France,  as  stated  in  a  document  prepared  for  the  Paris  Exhibition  of 
1878,  2,848  persons  in  1860  earned  on  an  average  28.  4o{d,  In  1877 
their  pay  had  risen  to  8s.  4d. — equal  to  a  rise  of  41  per  cent. 

A  diagram  is  annexed,  Plate  IX.,  on  which  is  shown  the  gradual 
increase  in  the  powers  of  production  of  the  French  collieries  of 
Montrambert  and  de  la  B^raudi^re,  in  the  value  of  the  coal,  together 
with  the  continuous  rise  in  the  men's  wages,  since  1860. 

Lest  it  may  be  thought  that  the  lower  wage  in  France  is  due  to 
the  employment  of  young  children  being  more  frequent  than  in  Great 
Britain,  I  give  from  the  same  source  the  ages  of  those  at  work  in  the 
Beraudi^re  mines: — 
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BOTS. 

BSLOWOaOUND. 

Abovkoround. 

Total. 

Ayence 

Waces 

per  Day. 

No. 

Per 

Gent. 

ATerage 

Waces 

per  Day. 

No. 

Per 
Cent. 

Ayeracej 
per  Day. 

Per 
Oeoi 

12  to  15  years... 

a.    d. 

1  loi 

22 

110 

a.    d. 
1     51 

1 

12 

2-58 

8.    d. 
1     9 

34 

1 

l-iS 

15  „  20    „     ... 

2    7 

206 

10-94 

2     It 

40 

8-60 

2    6 

246 

10-48' 

20  „  25    „     ... 

8    5^ 

312 

16-57 

2    71 

82 

6-86 

3    4^ 

344 

14-65 

25  „  42    „     ... 

8  10} 

1,194 

63*44 

2    91 

166 

35-62 

8    9i 

1,360 

57-92 

42  „  55    „     ... 

4    0 

124 

6*58 

2    7i 

52 

11-16 

8    7 

176 

7-4Si 

AboTe55    „ 

3    7} 

24 

1-87 

2    5i 

80 

6-43 

2  llf 

54 

2i», 

Women 

•  •  • 

■  •  • 

1  ei 

184 

28-75 

1     6f 

134 

6-71 

3    8i 

1,882 

100-00 

2    8^ 

466 

100-00 

3    4f 

2,348 

10(M» 

The  women  employed  in  these  last  two  French  collieries  were  occu- 
pied on  the  surface  in  picking  ont  stones  from  the  coal.  The  mode  of 
classifying  the  ages  of  the  males  does  not  permit  a  very  accnrate 
comparison  with  the  ages  of  the  young  people  in  Great  Britain. 
Having  regard  to  the  pay  of  those  classed  as  between  fifteen  and 
twenty  years  of  age,  it  seems  reasonable  to  suppose  that  not  one-half 
thereof  are  under  sixteen.  If  this  be  correct,  we  should  have  only 
6  or  7  per  cent,  of  the  whole  number  below  the  last  mentioned  age 
of  those  employed  underground;  while  in  a  representative  colliery 
in  the  county  of  Durham  out  of  987  persons  the  corresponding  per- 
centage is  about  18.  It  would  therefore  appear  that  the  proportion 
of  young  people  under  sixteen  is  more  with  us  than  with  the  French. 

The  ages  of  those  employed  .at  the  Durham  colliery  just  referred 
to  were  as  follows : — 


Under  12  years  of  age 
12  and  under  18 
18         if         16 
16  and  above 


7 

13 

160 

757 

937 


No  women  employed.  . 

In  the  entire  Durham  coal-field,  according  to  the  official  report  in 
1879,  there  were  58,152  men  and  boys  employed.  Of  these  40,664 
were  engaged  underground  and  12,488  aboveground. 
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The  following  is  the  division  according:  to  ages : — 


Undbkgeound— 

Above  18  years — Hewers 

Putters 

General  VVt)rk    .. 

Under  18  years  and  above  16  years 
Under  16  years        


21,106 

8,912 

10,092 

1,579 
3,976 


35,109 


5,565 


40,664 


Abovbgkound— 

Above  18  years  of  age        

... 

10,763 

Under  18  and  above  16  years 

.        538 

Under  16  years        

...    1,187 

1,725 

12,4«8 

53.162 

In  a  previous  page  reference  has  been  made  in  detail  to  the 
increased  exertions  put  forth  bj  the  miners  in  France  and  Belgium 
during  the  years  of  high  prices  and  advanced  wages,  while  in  England 
the  conduct  of  the  men  was  the  reverse  of  this. 

The  following  figures  are  instructive  on  the  subject  of  production, 
showing  as  they  do  the  entire  output  of  coal  one  year  before  and  one 
year  after  the  high  priced  periods  of  1873  and  1874 : — 


Frsooe. 
Toiu. 

Bel«iiUD. 
Tons. 

Northumberland 

and  Durham. 

Tons. 

1872. 

Year  of  rising  prices 

...     15,802,514 

15,658,948 

30,395,000 

1878. 

Do.    highest  prices 

...    17,485,786 

15,778,401 

29,640,000 

1874. 

Do.    high  prices 

...     16,949,032 

14,669,629 

30,543,800 

1875. 

Do.    prices  decUnin( 

J...    17,164,794 

15,011,331 

32,097.823 

If  the  last  named  year,  1875,  be  taken  as  an  index  of  the  capacity 
of  the  Northumberland  and  Durham  collieries,  it  would  appear  that 
they  furnished  in  the  dear  times  of  1873  and  1874  nearly  7  per  cent, 
less  than  they  were  capable  of  affording;  while  in  the  same  years  the 
Belgian  pitmen  worked  4  per  cent,  and  those  in  the  Pas  de  Calais  in 
France  6  per  cent,  more  per  man  than  they  did  in  the  falling  market 
of  1875. 


an 
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In  some  parts  of  Germany,  according  ix)  Pechar,  the  average  oat- 
pat  of  lignite^  per  man  exceeds  the  average  of  the  ordinary  ooal  in  any 
of  the  three  ooantries  already  dealt  with.  In  the  province  of  Saxony, 
in  1875,  above  six  millions  of  tons  of  this  mineral  were  mined,  each 
workman  employed  representing  a  prodaction  of  520  tons.  The 
average  of  Prossia  amoanted  to  450  tons  per  man,  and  that  of  the  entire 
empire,  with  a  total  of  nearly  ten  and  a  half  million  tons,  w€w  410 
tons  per  man  engaged. 

The  total  weight  of  ordinary  coal  raised  in  the  Germau  empire 
daring  the  same  year,  1875,  was  as  follows. — 


Tons. 

Men. 

Tons  per  Man. 

Silesia 

10,444,364 

with 

43,506 

240 

Westphalia 

10,749,025 

?» 

54,027 

= 

199 

Rhineland 

11,645,014 

»» 

57,258  ^ 

=• 

203 

Saxony  

3,061,275 

t* 

17,272 

= 

177 

Sundries 

1,391,026 

»• 

10,602 

= 

131 

37,290.703 

182,665 

204 

The  same  aathority  from  whom  the  above  figares  are  taken  gives 
the  following  information  respecting  the  average  weekly  earnings  of 
the  work  people,  including  women  and  children: — 

1861  ISn.  1873.  1875.  ISH. 

£     8.     cl.       £     B.   d.        £   s.     d.       £     &     d.       £    &    d. 
Price  of  coal  in  Prussia 

per  ton  0    5    4      0    6  11      0  10    9      0    7    6      0    5    7 


Earnings  per  Week. 

Ruhr  District     0  14  5  0  17  1  1     1  11  0  17  1  0  16  4 

Saar         , 0  13  7  0  16  5  1    0  10  0  16  8  0  16  3 

Upper  Silesia      0  12  7  0  16  8  0  18  5  0  15  9  0  15  1 


Average       0  13    6      0  16    8^    1     0    4^    0  16    6      0  15    8 


The  subjoined  table  contains  the  average  weekly  earnings  of  Ger- 
man and  Belgian  coal  miners,  and  also  those  of  the  Aniche  Colliery 
in  France,  as  compared  with  the  wages  actually  paid  at  a  colliery  in 
England,  in  the  years  for  which  I  have  the  necessary  data : — 

'  Probably  mostly  brown  coal. 
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Knffland, 

Durham. 

8.     d. 

18     4^ 

Germany. 

8.     d. 
16    8^ 

Bdgiiim. 

8.     d. 
12  11 

France. 

8.     d. 
14     3 

36    9 

20    ^ 

21     6 

15     3 

29    9 

16    6 

17  11* 

15     3 

27    0 

15     3 

12    8 

15     3 

27  llj 

17    2J 

16    2| 

15     U 

^wf    &  ..a  •••  ••• 

lo78  ..•  ...  •• 

1875 

^O V  i  ■•■  •••  ■•• 

^xVwXcIkC         •••  •••  •«• 

Tons  worked  per  man   ...     351      204      147     164 

The  proportions,  taking  England  at  dls.  to  cover  honse  rent  and 
firing  as  nnity,  are  as  follows : — 

England. 
100 

100 


Money 

Work  performed 


Germany. 

Belgiom. 

Fhuice. 

56-37 

5215 

48-39 

58-12 

41-88 

46-72 

The  actual  relative  costs  of  labour,  as  measured  by  results,  deduced 
from  these  figures  would  be : — 


England. 
100 


Germany. 
95 


Belgium. 
124 


France. 
103 


Thus,  partly  owing  to  natural  advantages  and  partly  to  the  superior 
strength  of  the  English  miner,  it  appears  that  in  spite  of  the  higher 
wages  paid  in  this  country,  the  actual  cost  for  labour  on  a  ton  of  coal 
is  usually  less  than  that  paid  on  the  Continent  of  Europe. 

The  average  wages  of  all  the  men  engaged  in  the  coal  mines, 
employed  for  an  entensive  iron  work  in  Westphalia,  have  experienced 
the  following  fluctuations  from  1869  up  to  1878 : — 


Year. 

Wages  per  Day. 
8.       d. 

Plrioe  of  Scotch  Pig. 
£    8.      d. 

Increase  on  1860. 
Percent. 

1869 

2    4-92 

2  13     3 

— 

1870 

2    6-72 

2  14    4 

6-2 

1871 

2    8-16 

2  18  11 

11-2 

1872 

2  11-74 

5     2    0 

23-6 

1878 

3    3-89 

5  17     8 

36-2 

1874 

3    3-72 

4    7    6 

37-8 

1875 

3    0 

3    5    9 

24-0 

1876 

2    8-77 

2  18    6 

13-3 

1877 

2    5-16 

2  14    4 

0-1 

1878 

2    3-36 

2    8    5 

5*4  decreiise. 

In  this  last  year  the  very  great  depression  in  the  iron  trade  led  to 
an  uunsual  reduction  in  the  price  of  all  labour  connected  with  the 
manufacture  of  the  metal.  As  the  quotations  at  Glasgow  influence 
tiie  value  of  the  metal  generally,  they  are  inserted  in  the  above  list. 
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In  order  to  compare  the  movement  in  colliers'  wages  in  6r»t 
Britain  with  Westphalia  I  am  able  by  the  courtesy  of  a  friend,  largely 
engaged  in  the  Scotch  iron  trade,  to  insert  the  net  earnings  of  the  oc^ 
hewers  engaged  at  his  establishment  during  the  twenty  years  ending 
1878:— 


Year. 

1859 
1860 
1861 
1862 
1863 
1864 
1865 
1866 
1867 
1868 
1869 
1870 
1871 
1872 
1878 
1874 
1875 
1876 
1877 
1878 


WagiM  per  Day. 
8.     d. 


3 
3 
3 
3 
8 
4 
4 
4 
4 
3 
3 
3 
4 
7 


1 
6 
2 

H 

7i 
0 

1 

6 

U 
7i 

m 

9 
6 
OJ 


9  11 
7    2 


5 
4 
4 
3 


4 

8 

u 

2 


Scotch  Pig,  ATeraffe. 
JS    8.     d. 

2  11  10 
2  13  6 
2  9  8 
2  12  10 
2  15  9 
2  17  3 

2  14  9 

3  0  6 
2  13  6 
2  12  9 
2  13  3 
2  14  4 

2  18  11 
5  2  0 
5  17  3 

4  7  6 

3  5  9 
2  18  6 
2  14  4 
2  8  5 


Increate  on  18SB. 
Per  Cent 


13-5 

2-7 

1-3 

17-0 

29-7 

32-4 

45-9 

331 

16-9 

15-5 

21-6 

45*9 

128-3 

221-6 

132-4 

72-9 

51-3 

331 

2-7 


1871.  1878.  1873.  1874.  1875. 
11-2  23-6  36-2  37*3  24-0 
26-3     970   178-3    101-4     49*7 


1876. 
13-8 
30-9 


1877 

0-1 

15-2 


i8n 

11-1 


Taking  these  last-mentioned  figures  from  1869,  and  comparing  the 
advance  on  that  year  with  that  of  the  Westphalian  work,  we  have  the 
following  results : — 

1870. 
Westphalia,  increase  %     6*2 
Scotland  „  5'2 

The  following  figures  relating  to  Belgium  have  been  calculated  in 
tables  given  by  Pechar.  These  assume  that  the  year  comprises  290 
working  days,  and  exhibit  the  daUy  earnings  of  all  hands  engaged  at  a 
colliery : — 

Tear  1868.  1869.         1870.         1871.  1872.  1873.  1674.  1875.         ISCl 

8.    d.  8.    d.       8.    d.        8.    d.      8.     d.  8.    d.         8.    d.  8.   d.      a   d. 

Wages        2   25       2  3*4    2   5       2  4*5    2  10*2      3  8*7      3  31      3  2-4    2  10 


Increase  on  1869 


Per 

Per 

Per 

Per 

Per 

Per 

Ht 

Cent. 

Cent. 

Gent. 

Cent 

Oenk 

Cent 

COBi 

5-8 


4-0 


24-8 


631 


43-4        40-1       24-0 


i-iduc  iu. 


^  V3 


i 


W 


VJ 

w 

§ 

o 

W3 


73 

8 


O 


C/3 


8ECTI0X  XVI,— THAT  OF  THE  CONTINENT  OF  EUROPE.  517 

Before  leaving  these  comparative  alterations  in  wages,  I  would  call 
attention  to  the  accompanying  diagram,  Plate  X.,  in  which  the  fine- 
tnations  given  above  of  Scotch  pig  iron  are  laid  down  in  shillings, 
and  those  of  wages  in  pence.  In  it  will  be  seen  at  once  that  the 
Scotch,  and  I  may  add  the  English,  miner  reaped  a  larger  advantage 
from  the  improved  position  of  the  iron  trade,  than  fell  to  the  lot  of 
his  brethren  in  Westphalia  referred  to  above. 

IRONSTONE. 

If  ironstone  mining  does  not  require  a  long  apprenticeship,  neither 
<:an  it  be  regarded  as  a  trade  which  involves  no  great  amount  of 
experienced  skill.  The  drilling  and  blasting  of  rock,  the  risks  from 
the  use  of  explosives,  as  well  as  from  falls  from  the  roof  of  the  mine, 
demand  on  the  part  of  the  miner  much  care  and  forethought.  Besides 
this,  some  judgment  is  necessary  in  drilling  the  ^'  shot  holes"  in  such  a 
direction  as  to  bring  down  the  largest  possible  quantity  of  material. 
Notwithstanding  these  considerations,  and  notwithstanding  the  fact 
that  the  miner's  vocation  is  usually  carried  on  at  a  distance  from  the 
surface,  and  shut  off  from  the  light  of  the  sun,  the  wages  he  earns  in 
most  foreign  countries  are  very  moderate  in  amount.  This  has  been 
seen  a  few  pages  back  in  the  case  of  the  colliers,  and  the  miners  of 
ironstone  do  not  appear  an  exception  to  the  rule. 

The  miner  in  Cleveland  is  eight  hours  underground  and  about 
seven  hours  at  work.  His  net  earnings  after  paying  for  powder  and 
oil  vary  with  the  state  of  trade,  as  will  be  seen  from  the  following 
statement: — 

Price  of  Pig  Ibon  No.  3  and  Minkbs'  Wagbs. 

1873.       1874.       1879.        1876.         1877.       1878.        1879.        1880.        1881.       1888. 
8.    d.       8.  d.       a.   d.      s.   d.      s.     d.       s.    d.     a.     d.      8.   d.       8.  d.      8.  d. 

Price  of  iron  103  9    74  6    54  0    49  0    43    1^    37  6    43    0    50  6    89  1    43  4 

Earnings    ...     7  0      6  71    5  7^     5  4      410^     4  5      3 11      4  5|    4  6      5  0 

The  men  who  work  the  ironstone  in  Northamptonshire  in  the  open 
quarries  were  only  receiving  8s.  2d.  in  1878  and  4s.  in  a  mine  near 
the  city  of  Lincoln.  The  Northamptonshire  wages,  it  will  be  seen,  are 
lower  than  those  paid  in  Cleveland.  This  is  partly  due  to  the  ironstone 
requiring  less  skilful  labour  for  quarry  work  and  partly  to  the  smaller 
extent  of  the  trade,  the  requirements  of  which  are  easily  supplied  by 
the  agricultural  population. 
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A  year  ago  I  visited  a  mining  disbrict  in  the  South-east  of  France, 
where  men  working  ironstone,  after  paying  for  oil  and  powder,  only 
received  2s.  Sjd.  per  day.  For  this  they  were  11  hours  in  the  mine, 
and  had  10  houra  of  actual  work.  The  day  labourers  were  paid  la.  9d. 
to  2s.  per  day.  The  workmen  here  rarely  partook  of  animal  food. 
their  nourishment  consisting  chiefly  of  maize,  which  cost  Is.  6d.  ^ 
stone  of  14  lbs. 

Near  Irun  in  Spain,  in  the  year  1872,  the  miners  in  the  iron  mines 
were  earning  Is.  llfd.  per  day,  but  near  Malaga  the  pay  received  by 
this  class  was  only  Is.  8d.  per  day. 

In  Luxemburg  the  weU-known  thick  bed  of  oolitic  ironstone  is 
worked  partly  openwork  and  partly  in  galleries.  Upon  the  occasion 
of  my  visit  the  miners  in  the  former  were  earning  28.  T^d.  per 
day,  working  from  daylight  to  dark  in  short  days  and  from  5  a.m.  to 
7  p.m.  in  summer  with  intervals  of  rest.  In  the  galleries  they  were  1 2 
hours  in  the  mine,  working  10^  hours,  for  which  they  were  paid 
8s.  2d.  to  3s.  6d.  after  paying  for  powder  and  candles.  They  work  regu- 
larly six  days  in  every  week.  As  nearly  as  I  could  make  out,  the  total 
cost  of  labour  on  this  ore  was  80  per  cent,  less  than  that  in  the  Cleveland 
district,  and  it  possesses  the  ftu*ther  advantage  of  not  having  to  be 
calcined,  an  operation  always  practised  at  the  Middlesbrough  fhmaces. 


ig:— 

9&vr4«   %^A.   Ajuk  r     V 

h*i^« 

Beef 

•  •  •               •  •  • 

•  •• 

•  ■  ■ 

•  •• 

712d.  per  lb. 

Bread 

•••               ••• 

•  •• 

a  •  • 

lid.  to  2d.  per  lb. 

Potatoes 

•  •  •               • •• 

•  •• 

•  •• 

6d.  per  stoue. 

Eggs 

•••               ••• 

•  9  • 

•  •  • 

jd.  each. 

Batter 

•••               ••« 

•  •• 

•  ■• 

1Tid.perlb. 

MilV 

V  •  V                          •  •  • 

•  ■  • 

•  •  • 

2d.  per  Utre. 

Coalfi 

•••                   ••• 

•  •• 

•  •• 

20b.  per  ton. 

House  rent,  two  rooms 

•  •  • 

■  •  • 

2b.  per  week. 

Shoes 

•••                 ••• 

•  •• 

•  •  ■ 

128.  per  pair. 

A  few  years  ago  the  earnings  in  French  mines,  producing  the  same 
quality  of  ironstone  as  that  at  Luxemburg,  were  ds.  5d.  per  day  for  10 
hours  actual  work. 

At  the  same  time  the  Cleveland  miners  were  receiving  5s.  5d.  for 
7  hours  actual  work  (8  hours  in  the  mine)  in  which  time  they  got 
108  cwts. 
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The  Luxemburg  and  French  mines  do  not  always  afford  a  very  fair 
basis  of  comparison  with  those  in  Cleveland.  In  each  case  the  ore  lies 
in  a  seam  of  8  to  10  feet  in  thickness,  but  while  the  Cleveland  miner 
generally  sends  all  he  excavates  to  the  surface  and  is  paid  thereon, 
the  foreign  workman  has  to  throw  back  a  considerable  quantity  of 
sterile  matter. 

At  one  mine  I  visited  in  the  West  of  Germany,  the  quantity  of 
useless  mineml  was  so  great,  that  a  miner  could  only  get  about  4  cwts. 
per  hour,  say  2  tons  in  a  day  of  ten  hours  actual  labour.  For  this  he 
received  3s.  4|d.  to  3s.  6^.  per  day.  Notwithstanding  the  natural 
disadvantages  referred  to,  the  cost  of  labour  per  ton  of  ore,  at  the 
period  of  my  visit,  was  7^  per  cent,  below  that  paid  in  Cleveland. 
In  another  case  in  the  East  of  France,  although  the  miners  only  were 
making  8s.  8|d.  per  day,  the  cost  of  labour  per  ton,  on  account  of  the 
sterile  matter,  was  fully  as  high  as  that  in  Cleveland. 

Two  men  work  together  in  the  mine  and  their  wages  averaged 
8s.  6d.  per  day.  They  who  raise  the  ironstone  by  quarry  work  only 
make  2s.  7^d.  per  day.  At  Longwy  the  miners  received  about  8s.  7^ 
per  day.  The  time  spent  at  the  mines  is  12  hours  with  intervals  of 
rest. 

I  am  not  able  to  compare  the  amiual  output  per  man  and  boy 
employed  in  France  and  Germany,  with  our  own,  working  the  same 
kind  of  stone.  The  Report  of  the  British  Iron  Trade  Association 
(1882,  1 
tbllows :- 


-gv/       «  wy      &*'* 

Production  of  Iron  Ore  in 
(Sermany  and  Luxemburg. 

Average  Annual  Output 
per  Man. 

Tons. 

Tons. 

1872 

6,895 

149i 

1873 

6,177 

156 

1874 

5,137 

161i 

1875 

4,730 

168 

1876 

4,711 

179i 

1877 

4,980 

194i 

1878 

5,462 

196i 

1879 

5,859 

194 

1880 

7,238 

202 

1881 

7.573 

205 
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It  is  inferred  from  these  figures  that  the  men  working  in  the  mines 
have  improved  in  a  corresponding  degree  in  efficiency.  I  haTe  no 
doubt  that  they  have  improved,  but  it  is  questionable  whether  this  has 
been  done  to  the  extent  set  forth  in  the  table.  The  output  per  head 
is  so  &r  below  that  of  the  Cleveland  district,  that  the  onlj  way  of 
accounting  for  the  di£ference  is  that  the  Oerman  output  includes  a 
quantity  of  a  very  different  kind  of  ore  from  that  of  Luxemburg,  etc 
In  recent  years  the  produce  of  the  mines  in  Luxemburg  and  the  West 
of  Germany — Alsace-Lorraine,  etc. — has  been  increasing,  and  this 
alone  would  add  to  the  average  annual  output  of  the  whole ;  because 
a  workman  can  raise  more  of  this  ore  than  of  any  other. 

For  the  wages  received  by  the  Cleveland  miners  they  formerly 
worked  5|  tons  of  ironstone ;  but  they  adopted  the  same  line  of  conduct 
as  that  pursued  by  the  colliers,  viz.  a  restriction  of  output.  In  1873 
the  average  weight  worked  per  man  was  5*25  tons  per  day,  for  which 
he  received  7s.  This  year,  1883,  the  daily  produce  has  again  risen  to 
5*75  tons  and  the  average  earnings  have  been  about  5s.  In  each  case 
this  is  after  paying  for  powder  and  oil. 

BLAST  FURNACES. 

Forty  years  ago  80  or  100  tons  a  week  would  have  been  considered 
a  fair  make  for  a  blast  furnace  smelting  ironstone  of  the  Cleveland 
character.  At  that  time,  generally  speaking,  the  works  were  deficient 
in  blowing  power;  there  was  a  prejudice  against  heating  the  air 
beyond  600^  F. ;  and  the  furnaces  did  not  exceed  a  capacity  of  5,000 
or  6,000  cubic  feet.  In  the  present  day  the  blast  engines  are  much 
larger,  the  heating  stoves  are  able  to  command  a  temperature  of 
1,000°  F.,  and  when  of  fire  brick  as  high  as  1,400°  F.,  and  the 
furnaces  themselves  have  usually  four  times  the  contents  of  their 
predecessors  at  the  time  referred  to.  The  consequence  is  that  4h0 
tons  per  week  is  not  an  unusual  make,  while  occasionally  500  to  550 
tons  is  run  from  a  well-appointed  plant  at  Middlesbrough  when 
smelting  Cleveland  stone. 

In  the  year  1844  blast  furnace  keepers  were  working  for  Ss.  7d.  to 
4s.  a  day,  and  their  slagmen  for  8s.  Ten  years  afterwards  the  dis- 
covery of  the  Whitby  beds  of  ironstone  near  Middlesbrough  had 
secured  for  the  banks  of  the  Tees  a  prominent  position  as  a  centre  of 
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^he  iron  trade.  A  demand  sprung  up  for  suitable  men  to  attend  upon 
the  blast  furnaces;  and  labour  rose  accordingly,  until  keepers  in  1858 
reached  7s.  and  slagmen  8s.  6d.  a  day,  other  branches  of  the  work  par- 
ticipating in  the  change  of  circumstances.  At  the  same  time  it  must 
be  mentioned  that  the  improved  plant,  introduced  about  1851  into  an 
■entirely  new  district,  had  been  accompanied  by  an  increase  in  the 
make  amounting  to  50  per  cent,  or  even  more.  The  great  enlargement 
in  the  capacity  of  the,  furnaces  which  took  place  in  1864  and  1865,  was 
followed  by  a  further  improvement  in  the  earnings  of  those  engaged 
in  working  them;  so  that  all  classes  received  higher  wages,  keepers 
and  slagmen  in  1871  being  paid  8b.  to  8s.  6d.  and  4s.  3d.  to  4s.  6d. 
per  day  respectively. 

The  increased  production  has  of  course  added  to  the  exertions  re- 
quired at  the  hands  of  the  men,  as  there  is  more  space  to  be  moulded 
for  receiving  the  larger  quantity  of  iron;  but  so  far  as  the  actual  work 
at  the  furnace  itself  is  concerned,  the  most  experienced  admit  that  the 
labour  is  less  severe  than  it  was  when  a  furnace  made  only  one  sixth  of 
the  quantity  commonly  run  at  present  from  the  Cleveland  establish- 
ments. This  change  is  entirely  due  to  the  improved  character  of  the 
plant  and  appliances,  as  referred  to  in  the  previous  page. 

The  extraordinary  inflation  of  the  iron  trade  in  the  years  1872  and 
1878  produced  a  corresponding  eflfect  on  labour;  so  that  at  one  time 
some  sections  of  a  blast  furnace  staff  were  receiving  fully  three  times 
as  much  as  was  paid  in  the  year  1850.  Subsequent  reverses  of  a  very 
.serious  character  have  of  course  modified  this  state  of  things,  but  a 
good  man  can  even  now,  at  the  worst  of  times,  earn  twice  as  much 
as  his  father  did  at  the  same  occupation. 

Although  it  has  not  been  stated  in  explicit  terms,  the  ironmaster 
Jias  been  no  loser  by  paying  the  higher  wages  as  compared  with  former 
years.  This  fevourable  result  has  been  partly  secured  by  the  larger 
amount  of  work  performed  but  still  moi'e  by  the  introduction  of  well 
devised  plans  for  saving  labour. 

On  the  Continent  the  practice  differs  from  that  in  Cleveland.  In 
cases  where  the  make  formerly  did  not  usually  exceed  two  to  three 
hundred  tons  in  the  week  three  men  were  usually  engaged,  whereas  at 
Middlesbrough  two  did  the  work ;  and  even  in  the  case  of  a  furnace 
mmning  400  or  500  tons,  two  and  a  half  men  suffice,  i.e.,  three  men 
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on  the  day  turn  and  two  at  night.  Oocasionally  in  Luxemburg  when 
the  make  is  large,  say  100  tons  per  24  hours,  three  men  are  employed 
at  keepers'  work  at  a  cost  of  about  1  Is. 

To  show  the  differences  between  the  pay  of  the  head  fdmace 
keepers  in  England  and  on  the  Continent  I  have,  for  the  same  years, 
extracted  the  following  from  my  note  books: — 


1867.— France,  South 

t.        East    . . . 

Westphalia 

Belgium 

1868.— Prance,  East    .. 

1872.— Spain.  South    .. 

„      North  ... 

1873.— Prance,  East    . . 

Luxemhurg 
1875.— Prance,  East   ... 

Luxemhurg     . . . 

Germany,  West 

Westphalia 

Hanover 

Belgium 

Gennany,  West 

Sweden 
1881. —France,  East    .. 
1882.— Austria 


3s.  ll^d.,  4s.'^ 

...     2s.  2d.,  2s.  8^. 

Ss.,  3s.  6d..  4s.)  4s.  6d. 

...  2s.  4fd.,  28.  9^d. 

38.  6^d. 

28.  I 
48,  f 


^     6s.8id. 
6s.2id. 

•78.  l/sd. 


...    3b.  Hd.,  3s.  8d.  i 

28.  9d.        98.  lid- 
3s.  62d.,  3s.  7id.,  3s.  11^.^ 

...    3s.  3^.,  3s.  5d. 
...    3s.,  3s.  3^.,  48- 
3s.  7id. 
3s.  2d.,  8s.  O^d.,  38.  5fd- 
38.  Hid. 
28.  lldJ 
...  38.  3iid.,  4s.  4j[d.        78.  O^d. 
...      8s.  4d.,  4fl.  2d.        88.  Id. 


-     86.  lid. 


The  pay  of  Continental  keepers  varies  from  3s.  to  8s.  9d.y  and  in 
one  case  reaches  48.,  and  in  another  as  much  as  5s.  per  day.  The 
assistants  nm  from  2s.  5d.  to  8s.  6d.  At  ahnost  all  the  foreign 
ftimaoes  included  in  this  list  the  iron  was  being  run  in  iron  moulds; 
which  entails  somewhat  less  labour  than  in  the  case  of  Cleveland, 
where  the  metal  is  received  in  sand. 

According  to  the  foregoing  table  of  wages,  the  English  famace 
keepers  receive  at  least  double  the  pay  of  those  on  the  Continent. 
Owing  however  to  differences  in  the  division  and  nature  of  the  work, 
it  would  be  very  difficult  to  speak  precisely  as  to  the  relative  amount 
of  duty  performed  by  each.  Speaking  approximately  it  may  be 
taken  that  the  British  keepers  do  one-half  more  work  than  any  of 
those  mentioned  in  the  list. 
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With  the  aboye-mentioned  classes  of  men  on  the  Continent  there 
has  been  an  advance  during  the  last  thirteen  years,  in  cases  where  the 
wages  were  very  low.  Thus  the  keepers,  who  in  1867  received  less 
than  ds.  a  day,  now  (1882)  get  ds.  6d.  to  4s.;  while  those  in  Westphalia 
are  only  earning  about  the  same  wages  now  as  they  did  in  1867. 

The  observations  which  have  been  made  in  these  pages  respecting 
the  gradual  rise  in  wages  at  the  collieries  on  the  Continent,  are  equally 
applicable  to  men  generally  engaged  in  the  iron  works.  In  the  year 
1879,  a  friend  living  on  the  banks  of  the  Bhine,  and  largely  interested 
in  the  iron  trade,  gave  me  the  following  information  respecting  the 
changes  in  the  value  of  labour  in  that  district  during  the  previous  ten 
years.  The  establishment  consisted  of  blast  furnaces,  foundry,  and 
engineering  shops,  the  average  yearly  and  daily  earnings  per  man  for 
the  whole  establishment  being : — 


were: — 


Per  Annum. 

£     •.    d. 

1869     ... 

fl.                   ■•-                   ■••                   ■•• 

31     7    0 

1870     ... 

•  •                   .  •  •                  «  •  > 

34     1     0 

1871     ... 

38    0    0 

1872     ... 

43  11     0 

1873     ... 

52  16    0 

1874     ... 

45  17    0 

1875     ... 

48  11     0 

1876     ... 

» 

U  17    0 

1877     ... 

44    2    0 

1878     ... 

•■•                  •■*                  •■•                  ■• 

• 

40  12    0 

)  blast  fumfl 

tees  alone  the  average 

wages  per  ma 

U75. 

187a                          1877. 

1878. 

8.      d. 

■.     d.                      t.     d. 

a.     d. 

2    8^ 

2     9 

2 

8i 

2    7i 

Few  men  would  however  earn  the  full  amount  mentioned  above,  as 
from  the  gross  earnings  had  to  be  made  deductions  for  sickness  and 
other  causes  of  absence. 

It  often  happens  that  circumstances  connected  with  the  reception 
and  storing  of  minerals,  and  a  general  want  of  suitable  arrangements 
for  economizing  labour  abroad,  give  the  works  of  this  country  a  con- 
siderable advantage  over  those  of  France,  Germany,  and  Belgium. 
Thus,  partly  from  the  causes  just  named,  and  to  some  extent  from 
the  coke  fillers  baving  to  collect  the  coke  from  the  ovens,  which  are  at 
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the  fiimaces,  often  double  the  number  of  persons  is  employed,  as 
compared  with  the  furnaces  in  the  Cleveland  district.  On  the  other 
hand  sometimes  the  conditions  of  work  greatly  resemble  the  Cleveland 
mode  of  procedure,  but,  while  employing  men  at  much  lower  wages 
(60  per  cent,  of  the  Cleveland  rates)-  more  hands  are  reqaired  for 
the  same  amount  of  labour. 

Having  in  my  possession  the  numbers  of  men  engaged  at  several 
blast  furnaces,  and  the  rate  of  wages  they  receive,  I  have  been  enabled 
to  compare  the  earnings  at  each  fiimace  with  those  of  Cleveland. 
For  each  sovereign  paid  in  the  fomaces  on  the  Tees  I  estimate  the 
foreign  staff  to  receive  as  follows: — 


8.       d. 

1.     Cleveland    ...          

20     0 

2.     Westphaliaii  iron  work    ... 

13     5 

O.                  f)                 jt        >»           ••• 

12    0 

4.     VVeHt  of  (Jennany ... 

12    0 

12    0 

The  larger  number  of  persons  required  to  perfonn  a  given  amount 
of  work  was  remarked  upon  by  the  authors  of  the  "  Voyage  Metal- 
lurgique,"  in  1837.  They  give  as  examples  a  Welsh  ironwork  making 
200  tons  per  week,  say  10,000  tons  a  year,  and  a  French  establish- 
ment on  the  English  plan  making  half  this  quantity,  say  5,000  tons 
a  year.    The  numbers  are  as  follows : — 

Kxtraction  and  tran8}X)rt  of  coal 

9^  )j  Oj "  ••*  •••  ••• 

Transport  of  minerals  separately  paid  in  France 


Blast  fnrnaces,  calcining,  etc.,  etc. 

Forge  and  mill    ...         

Directors  and  agents 


Welsh 
Work. 

Frend 
Wotk. 

317 

541 

521 

89 

— 

ao 

838 

660 

309 

245 

205 

256 

31 

14 

1,883  1,174 


Since,  they  rightly  observe,  differences  in  the  coal  and  ore  may 
entail  more  labour  in  France  than  in  England,  they  also  compare  two 
forges;  and  the  result  of  the  examination  is  that  the  English  workmen 
make  twice  as  much  iron  as  the  French. 

Notwithstanding  the  comparative  cheapness  of  labour  on  the 
Continent,  when  contrasted  with  our  own  country,  the  subject  of  its 
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economy  is* receiving  constant  attention  at  the  hands  of  foreign  irou- 
masters.  As  an  example  I  maj  quote  the  case  of  my  friends  Messieurs 
de  Wendely  at  Hayange  in  Alsace^  where  the  latest  improvements  in 
blast  furnace  practice,  as  put  in  force  first  at  Middlesbrough,  have  been 
introduced;  without  any  notable  change  however  ha\'ing  been  made  in 
the  scale  of  wages. 

In  another  case,  in  Bhenish  Prussia,  there  were  employed  at  the 
blast  furnaces  in  1875  151  men,  who  received  in  that  year  collectively 
i&7,427,  equal  therefore  per  man  to  £49  8s.  8d.  per  annum,  or  about 
198.  per  week.  The  same  furnaces  were  worked  in  1878  with  117 
men,  who  were  paid  £5,581,  equal  to  £47  148.  per  annum,  or  188.  8d. 
per  week.  At  the  same  time  the  output  of  the  furnaces  was  increased 
30  per  cent. 

It  would  appear  that  the  men  engaged  in  the  blast  furnaces  gene- 
rally are  greatly  improving  in  eflSciency  in  Germany  and  Luxemburg, 
for  according  to  official  figures  the  average  annual  output  per  man  for 
the  different  years  named  has  been  as  follows:^ — 


1872. 

1873. 

1874. 

1875. 

1876. 

1877. 

187& 

1879. 

1880. 

1881. 

Tods. 

Tons. 

Tons. 

Tour. 

Ton*. 

Tons. 

Ton*. 

Tons. 

Tom. 

Tonjt. 

76 

79i 

78 

89 

99i 

10« 

im 

128  . 

129 

136 

These  figures  show  an  increase  of  79  per  cent,  in  1881  as  compared 
with  1872.  None  of  these  figures  however  are  any  approach  to  what 
is  done  by  the  workmen  at  the  Cleveland  furnaces,  and  illustrates 
what  has  been  already  observed  in  these  pages,  that  well  paid  and  well 
fed  men  are  not  always  more  expensive  to  the  employer  than  badly 
paid  labour.  As  a  matter  of  fact,  I  have  rarely  found  the  wages  on 
a  ton  of  the  furnace  produce  to  amount  to  less  than  what  I  have 
found  it  to  be  in  Cleveland. 

MALLEABLE   IRON. 

In  1840,  when  I  first  became  occupied  with  the  manufacture  of  mal- 
leable iron,  there  was  still  a  large  quantity  of  metal  used  in  the  puddling 
furnace,  which  had  previously  passed  through  the  refinery.  Practically, 
in  Great  Britain  at  least,  the  only  recent  improvement  in  roUing  mill 
work  has  been  the  suppression  of  this  preliminary  operation,  effected 
by  greater  attention  to  the  condition  of  the  bottom  of  the  puddling 
furnace,  and  by  the  copious  use  of  "fettling."    Upon  different  occasions 

'  Report  of  BritiBh  Iron  Tnide  Asaociation,  1880,  p.  77 
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attempts  have  been  made  to  replace  a  portion  of  the  pnddler's  severe 
labour  by  mechanical  agency;  but  little  encouragement  was  given  to  the 
ironmaster,  in  laying  out  his  money  in  this  direction,  by  the  men  them- 
selves, who  required  the  same  pay  as  when  performing  the  operation 
exclusively  by  hand.    This  unwillingness  on  the  part  of  the  workmen 
to  assist  their  employers  in  improving  the  manufacture  of  malleable 
iron  is  to  be  lamented  on  account  of  both  masters  and  men.    No  nation 
has  been  more  conspicuous  in  introducing  amehorations  into  its  various 
branches,  than  the  English.    Nevertheless  when  these  are  most  wanted, 
and  when  we  find  ourselves  undersold  in  foreign  markets  and  in  our 
own,  that  renown  in  the  march  of  progress  seems  to  have  forsaken  us. 
Some  ten  years  ago,  Mr.  Danks  claimed  to  have  succeeded  in  dis- 
pensing entirely  with  the  severe  manual  labour  required  in  the  actual 
process  itself;  but  unfortunately  his  invention  came  too  late;  for  it  was 
recommended  to  public  notice  just  about  the  time  when  the  Bessemer 
process  was  apparently  in  a  fair  way  to  extinguish  the  puddler's 
occupation  altogether.     Although  this  expected  event  has  not  so  far 
been  realised,  there  seems  to  be  sufficient  uncertainty  connected  %vith 
the  future  of  the  iron  trade  to  prevent  any  general  and  vigorous 
attempt  being  made  to  economise  the  labour,  and  lessen  the  severity, 
of  the  puddler's  toil.    As  a  matter  of  fact,  his  work  is  carried  on  pretty 
much  as  it  was  performed  forty  years  ago— his  pay  fluctuates  with 
the  greater  or  less  prosperity  of  the  iron  trade;  but  his  position, 
one  of  the  most  laborious  in  the  entire  manufacture,  remains  unchanged 
by  any  such  improvements  in  his  appliances,  as  we  have  seen  introduced 
in  so  marked  a  degree  in  the  case  of  the  men  at  the  blast  furnace,  and 
which  are  perhaps  still  more  conspicuous  in  the  other  processes  of 
making  malleable  iron,  which  follow  that  of  puddling. 

In  1840  the  price  paid  for  puddling  pig  iron  in  Staflbrdshire  and 
on  the  Tyne  was  9s.  6d.  per  ton  long  weight.  In  1842  it  fell  to 
78.  3d.,  and  I  think  at  one  time  was  as  low  as  6s.  6d.  A  ton  and 
a  quarter  of  puddled  iron  was  a  good  day's  work.  This  at  68.  6i  per 
ton  amounts  to  8s.  l|d.,  out  of  which  the  puddler  had  to  pay  probably 
not  less  than  2s.  6d.  to  his  underhand,  leaving  him  a  trifle  above  5b.  6d. 
for  himself. 

The  following  table  sets  forth  the  fluctuations  to  which  this  kind 
of  work  has  been  subjected  in  later  years: — 
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Yew. 

Soath  Wales. 

CierelftncL 

Btaffordahiiu 

Belgium. 

8. 

d. 

8. 

d. 

8.     d. 

a.     d. 

1866 

6 

3i: 

L.  W.of 

10 

0  L.  W.  of 

9     61^  W.of 



2.400  lbs. 

3,400  Ite. 

2,400  Ibe. 

1868 

5 

1 

»' 

8 

0 

>» 

8    6 

>f 

1869 

5 

1  • 

ft 

8 

0 

>j 

7    9 

I* 

— 

1870 

5 

8 

n 

9 

6 

» 

8  lOi 

>i 

1871 

5 

6i 

>» 

9 

4 

>» 

9    3 

M 

5     9  8.  W.  of 
^  2.2401bB. 

1872 

7 

04 

»> 

11 

3 

M 

11    6 

>» 

6     Oi     „ 

1873 

8 

7 

?> 

12 

6 

}> 

13    1 

♦  ♦ 

6     U     „ 

1874 

7 

0 

»* 

11 

n 

» 

11    7i 

»» 

6    Oi     .. 

1875 

6 

0 

»» 

9 

H 

» 

9  10^ 

»» 

5  lOf     „ 

1876 

5 

4i 

»? 

8 

8 

*» 

9    6 

» 

5    8i    „ 

1877 

4 

8 

»« 

8 

3 

>» 

9    6 

•> 

5  -Of    „ 

1878 

4 

4 

»» 

7 

9 

5* 

7  lOi 

M 

4    6i    „ 

1879 

3 

10  s 

.  W.of 

7 

0  8- 

W.of 

7    0  8- 

W.of 

4    6i    „ 

2,840  Ibfc 

• 

2,24011)8. 

'      "  2,240  lb«. 

1880 

4 

5 

»» 

8 

0 

t» 

8    6 

i» 

4    9      „ 

1883 

4 

5 

>i 

7 

0 

>♦ 

~— 

It  will  be  perceived  that  the  Welsh  rates  are  much  below  those  of 
England.  Including  a  bonus  of  lOd.  per  shift  for  full  time,  the  head 
puddler  could  earn  58.,  and  his  underhand  2s.  6d.  per  day  when  the 
price  paid  was  48.  5d.  per  ton  S.W.,  the  produce  being  30  cwts. 

In  Cleveland  27j  cwts.  is  considered  a  fair  day's  work.  This 
quantity  at  7s,  per  ton,  with  a  bonus  of  9jd.  per  ton  for  full  time, 
enabled  the  chief  man  to  get  7s.  2d.,  and  his  underhand  3s.  6d.  per  shift. 

It  is  not  always  an  easy  task  to  compare  the  work  of  an  English 
puddler  with  that  of  a  foreigner.  In  many  places  abroad  it  is  the 
practice  to  have  three  men,  or  two  men  and  a  strong  boy,  at  the 
furnace,  which  of  itself  enables  a  little  more  work  to  be  done.  The 
chief  advantage,  however,  in  respect  to  labour  lies  in  differences  in  the 
quality  of  the  iron;  which  abroad  frequently  contains  only  one-fourth 
of  the  silicon  usually  found  in  Cleveland  iron;  and,  as  is  well  known, 
this  metalloid  calls  for  special  exertion  on  the  part  of  the  workman. 

In  the  year  1867,  during  a  visit  to  the  south  of  France,  I  found 
36^  to  40  cwts.  represented  the  twelve  hours'  produce  of  a  puddling 
furnace;  the  price  paid  varying  with  the  quality  turned  out  by  the 
puddler,  and  a  premium  being  often  reserved  for  excellence  of  produce. 
The  prices  paid  fluctuated  from  5s.  lOd.  to  7s.  2^d.,  and  the  average 
weight  produced  was  38^  cwts.  The  total  earnings  per  shift  therefore 
amounted  to  about  12s.  4d.,  divided  approximately  in  the  following  man- 
ner: the  first  man  6s.  9d.,  second  3s.  3d.,  third  2s.  4d.  At  Middlesbrough 
the  earnings  at  that  period  of  the  head  man  would  be  8s.  per  day. 

On  the  Rhine,  in  1867,  32^  to  36  cwts.  seemed  to  constitute  the 
ordinary  twelve  hours'  work,  for  which  Ss.  6d.  to  5s.  9d.  per  ton  of 
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paddled  bar  was  paid.  This  amounted  to  about  9s.  Sd.,  to  be  divided 
by  giving  probably  5b.  3d.  to  the  first  man,  2s.  6d.  to  the  second,  and 
Is.  6d.  to  the  boy.  In  this  case  the  chief  puddler  earned  about  60  per 
cent,  of  that  of  the  head  man  in  England;  the  same  weight  of  iron 
costing  for  puddling  about  one-half  more  in  England  than  in  the 
German  works  referred  to. 

In  1878  I  found  that  in  this  part  of  Germany  the  price  averaged 
for  different  qualities  about  6s.  2d.;  which  on  the  weight  obtained,  81^ 
cwts.,  would  give  9s.  lOd.  Two  men  only  appear  to  have  been  working 
the  fiimaoe,  something  after  the  fashion  of  what  is  known  as '' level- 
hand"  in  England,  for  the  money  was  divided  by  giving  5s.  6d.  to  the 
best  of  the  two  workmen  and  4s.  4d.  to  his  mate.  The  price  of  puddling 
in  that  year  at  Middlesbrough  was  7s.  9d.  long  weight,  or  say  78.  3d. 
short  weight;  being  about  18  per  cent,  higher  than  the  Gsman 
rate. 

In  Western  Germany,  in  1878, 1  found  two  men  doing  eleven  heats 
of  pig  per  turn,  giving  48  cwts.  of  puddled  iron:  the  pig  only  con- 
tained "25  per  cent,  of  silicon.  The  price  paid  was  2s.  lid.  to  the 
upper  and  Is.  9^d.  to  the  underhand,  or  48.  8^d.  together.  At  these 
prices  the  former  earned  7s.,  and  the  other  4s.  Id.,  per  day.  The  pig 
iron  was  preheated  in  a  chamber  known  as  a  "dandy."  The  English 
price  for  puddling  waa  therefore  fiiUy  one-half  more  than  that  of  the 
German;  but,  owing  to  the  large  make,  the  chief  puddler  earned 
nearly  as  much  as  is  paid  in  England. 

In  the  same  portion  of  the  German  Empire,  a  mechanical  rctbble  is 
used,  and  by  its  means  65  cwts.  of  puddled  iron  are  produced  from 
each  furnace.  The  men  were  paid  according  to  quality,  the  iron  being 
all  sorted.  The  prices  per  ton  were  8s.  8}d.,  4s.  5|d.,  and  5s.  2d.,  the 
average  actually  paid  being  4s.  10^.;  and  the  individual  daily  earn- 
ings were  5s.  to  6s.  to  the  first  man,  5s.  to  the  second,  8s.  d^d.  to  the 
third,  and  Is.  e^^d  to  a  boy.  This  was  in  1875,  when  the  price  paid 
in  the  North-east  of  England  was  9s.  7d.,  or  almost  exactly  double  the 
price  paid  by  the  German  ironmaster.  It  is  to  be  remarked  that  the 
relief  afforded  to  the  men  by  the  mechanical  appliances  is  such  that 
they  are  able  to  work  for  12  hours  instead  of  10  to  10^  hours  as  at 
Middlesbrough.  An  economy,  about  50  per  cent.,  in  the  consumption 
of  coal  results  from  the  use  of  this  improved  furnace  which  would 
represent  a  saving  of  al)0ut  48.  per  t6n  of  puddled  iron. 
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In  Spain,  in  the  year  J  872,  36  cwts.  of  puddled  iron  were  received 
in  twelve  hours,  for  which  68.  was  paid ;  the  cost  on  the  Tees  for  the 
same  quantity  heing  lis.  dd.,  or  say  10s.  6d.  short  weight. 

The  output  in  Belgium  is  usually  about  35  cwts.  for  twelve  hours; 
for  which,  in  1883,  4d.  9d.  was  paid  per  ton,  the  Cleveland  rate  being 
7s.,  with  an  allowance  for  full  time.  The  staff  of  three  men  at  the 
Belgian  furnace  would  therefore  earn  88.  4d.,  against  9s.  8d.  for  the 
two  men  at  the  English.  The  earnings  however  of  the  upper-hand  in 
the  former  case  would  be  probably  56.  4d.,  against  68.  2d.,  in  the 
latter;  so  that  the  Middlesbrough  puddler  receives  16  per  cent,  more 
than  the  Belgian,  and  the  work  costs  the  English  ironmaster  47  per 
cent,  more  than  his  foreign  competitor. 

Some  confusion  arises  in  comparing  the  entire  costs  of  labour  in 
the  puddling  forge  in  different  works,  owing  to  the  differences  of  the 
modes  in  which  the  accounts  are  kept;  some  charging  men's  time  for 
i-epairs  under  a  general  head,  which  includes  materials.  Besides  this 
souroe  of  derangement  there  are  differences  arising  from  the  nature  of 
the  work  performed,  and  in  the  general  convenience  of  the  appliances. 
I  believe,  however,  I  shall  not  be  far  from  the  truth  in  laying  down 
the  following  data  for  puddling  ordinary  quality  in  1878: — 

ATenige  per  Tou. 

England — Cleveland,  with  a  bonus  for  foU  time  Ts.    2d.  short  wt. 

Rhenish  Provinces,  4s.  7d.,  5s.  2d.,  5s.  9d.,  6s.  6d.,  av.  4  works— 58.    6d.        „ 
Western  Gtermany  ...        ...        ...        ...         ...         ...         ...    4b.  lOjd.      „ 

Belgium,  4b.  Z^d.,  4a.  lO^d.,  Ss.  2id.|  Ss.  2}d.,  5s.  lid.,  av.  5  works  «  6s.    Id.        „ 
France — North-East  Ss.  9^,  5s.  10id«-°5s.   9fd.      „ 

On  comparing  the  total  wages  paid  in  the  puddling  forge  in  the 
North  of  England  with  the  payments  on  the  Continent  I  find  that 
the  cost  in  England  is  often  fully  50  per  cent,  higher  than  the  average 
of  works  I  have  visited  in  Western  Germany  and  the  East  of  France. 
The  effect  of  this  is  that  the  expense  of  making  puddled  bar,  irrespective 
of  the  price  of  pig  iron,  is  some  shillings  more  in  England  than  in  those 
localities  ¥rith  which  I  have  compared  it.  .  It  may  be  added  that  the 
average  earnings  of  all  the  staff  in  one  of  the  foreign  establishments 
were  8s.  6d.,  whereas  in  England  it  is  dose  on  4s.  In  Germany  the 
puddled  bar  I'ollers  and  shinglers  were  earning  5s.  3d.  per  day,  whereas 
in  the  county  of  Dm'ham  the  former  were  paid  in  1878,  IBs.  to  15s. 
per  day,  and  the  latter  lOs.  to  18s.  per  day. 

HH 
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The  metal  delivered  to  the  foreign  puddling  fumaoes  is  firequentlT 
hard  and  white,  and^  to  use  the  workman's  language,  '*  soon  comes  ti> 
nature."  A  material,  somewhat  of  the  same  character  as  that  in 
question,  is  often  used  in  South  Wales,  for  the  working  of  which  about 
the  same  price  is  paid  as  that  current  in  Germany  and  elsewhere.  I 
believe  that  the  Welsh  practice  has  not  been  followed,  at  all  events  to 
any  extent,  elsewhere  in  the  United  Kingdom;  and  it  may  be  obeerved 
that  wages  in  the  Welsh  iron  works  have  always  been  notably  lower 
than  in  England  or  Scotland. 

Pig  iron  intended  for  forge  purposes  is  distinguished  in  Belginm 
under  five  denominations.    These  are: — 


Per  Cent.  Oarbon. 

Per  Cent.  PlKvphsic: 

1. — Metis — Very  common^ 

containing 

200 

2-25 

2. — Ordinaire — Common 

♦» 

2-50 

1-75 

3.— JToW— Strong 

i» 

300 

1-25 

4. —   „    — Extra 

*n 

3-50 

075 

5. — AeiSreux — Steely 

it 

4-00 

0-26 

At  one  work  which  I  was  permitted  to  visit  puddling  was  per- 
formed in  a  double  furnace  worked  from  both  sides,  but  without  any 
mechanical  aid.  No  Metis  was  used.  Of  Nos.  2  and  8  eight  charges 
of  pig  were  worked  in  every  shift  weighing  about  72  cwts.;  but  of 
Nos.  3  and  4,  54  cwts.  per  shift  only  were  puddled.  For  Nos.  2,  3, 
and  4  the  prices  paid  in  1878  were  48.  2Jd.,  48.  6d.,  and  4s.  11^.  per 
Umne  of  1,000  kilogrammes.^  At  these  rates  the  head  puddler  earned 
on  common  iron  5b.  2^d.,  and  his  underhand  8s.  5^d.  per  shift,  the 
quality  of  the  product  being  very  similar  to  that  made  at  Stockton 
and  Middlesbrough. 

When  the  work  of  the  finishing  mills  is  examined,  it  will  be  found 
in  certain  instances  that  the  difference  between  Great  Britain  and 
Continental  countries  far  exceeds  that  just  named  as  obtaining  in  the 
puddling  forge. 

In  Great  Britain  for  boiler-plate  or  ship-plate  rolling  I  find  that 
between  1841  and  1843,  the  prices  paid  were  10s.  in  the  former  year 
and  8s.  9d.  in  the  latter  per  ton  for  heating,  rolling,  and  shearing. 
The  same  work  cost  in  1875  about  9s.  8d.,  so  that  practically  there 
has  been  no  change  in  the  actual  tonnage  prices  paid  to  the  work- 

*  On  the  Continent  tbe  tonne  is  1,000  kilogrammes  «-  2,204  lbs. 
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men  in  the  last  forty  years.  In  one  respect,  however,  there  is  a 
material  change  in  the  conditions  of  plate-rolling  between  the  two 
j^>eriods.  In  1840,  50  tons  per  week  was  probably  a  fair  make  for  a 
mill,  now,  in  consequence  of  the  use  of  more  powerful  machinery,  and 
the  extensive  character  of  the  orders  so  largely  given  out  for  ship- 
building, the  production  has  ripen  to  400  and  sometimes  reaches  600 
tons  or  more  in  a  week. 

By  the  favour  of  a  friend,  the  manager  of  a  large  plate  mill  in 
England,  I  have  an  account  of  the  earnings  of  fourteen  head  plate- 
rollers.  The  lowest  amount  received  was  17s.  5d.  per  shift,  the  highest 
£2  Os.  lid.,  and  the  average  of  the  whole  number  was  £1  7s.  8d. 
The  wages  of  the  head  shearman  ranged  from  18s.  lOd.  to  £1  16s.  Id. 
per  day,  the  average  being  £1  8s.  8|d.  The  heaters  earned  from 
lis.  4d.  to  138.  8d.,  the  average  of  fourteen  men  being  12s.  8d.  each 
yev  day.  These  wages  were  received  after  all  deductions  for  assistance 
had  been  met. 

I  have  in  my  possession  a  statement  representing  the  actual  pay- 
ments made  in  1879  by  a  Continental  firm  for  caiTying  on  a  work 
turning  out  about  300  tons  of  puddled  iron  per  week,  with  a  plate  mill 
producing  200  tons.  I  propose  comparing  the  wages,  exclusive  of 
those  for  repairs,  paid  in  the  various  departments,  with  those  of  an 
English  work,  turning  out  also  300  tons  of  puddled  iron,  along  with  a 
weekly  make  of  300  tons  of  plates.  In  the  latter  case  the  deficiency 
of  puddled  iron  is  supplied  by  purchases  from  other  quarters. 

I  would  first  point  out  the  great  dissimilarity  between  the  daily  pay 
^f  most  of  the  workmen  in  the  two  instances  selected  for  comparison. 


Headpnddler         

Second     .,              

(}enuan  Work. 
8.     d. 

...       5     8 
...       5    34 

EnglJBh  Work 
£     s.     d. 

0     6     1 
0    3     6 

Third       „ 

...       I 

0 

none. 

Boy          ,, 

Pnddle  roller          

...       1 
...       5 

7i 

0  15    1 

Shingler       

Furnace  men  (plate  mill) 
Plate  rollers,  average  of  5  men 

...       5 

...       6 
1 

3 

61 

6i 

Head  roller 

12    9 
0  16    1 
2    11 

Head  shear  man,  avcraj^e  of  8 

men       5 

3i 
2i 

„    shearer 

•  ■  • 

1  14.    9 

Averajf  L' 

0  19  11 
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The  enonnoiiB  diflferenoes  between  most  of  the  figures  in  the  tw> 
columns  would  prepare  us  for  supposing  that  the  cost  for  labour  most 
necessarily  be  correspondingly  higher  in  the  English  than  in  the 
German  mill.  This  is  more  or  less  true  as  regards  the  puddling 
process,  for  although  the  earnings  of  the  puddlers  do  not  differ  greatlj 
in  the  two  cases,  the  actual  cost  of  puddling  is  above  66  per  cent,  moit 

« 

in  the  English  than  at  the  Qerman  work  with  which  it  is  oompaned. 
viz.  4s.  9^d.  against  7s.  lid.  per  ton  S.W.,  inclusive  of  prize  moner 
at  the  latter  for  full  time.  This  arises  partly  from  differences  in  the 
nature  of  the  two  kinds  of  pig  iron  employed,  but  more  especially 
from  the  German  workmen  having  taken  kindly  to  the  use  of 
mechanical  help,  by  which,  instead  of  about  80  cwts.,  each  fumaoe 
puddles  70  cwts.  of  pig  iron  per  shift.  According  to  the  figures  given 
to  me,  I  have  calculated  that  for  each  £100  paid  in  wages  in  the 
German  puddling  mill,  made  up  of  the  items  placed  in  its  column* 
the  cost  for  the  same  amount  and  kind  of  labour,  paid  by  the  English 
manufacturer  is  that  shown  in  the  adjoining  amounts: — 


German  Work. 

Eiifflish  Work. 

Delivering  materials            

...       4-42 

2-45 

Eng  ine  and  fire  men 

...       3-30 

8-30 

• 

Paddlers 

...     63*25 

...      108-50 

Sliinglers       

...       4-50 

irio 

Bogey  men,  rollers^  draggers,  &c.  .. 

...     22*64 

1210 

Sundry  labour          

...       1-89 

2-65 

£•100 

£145 

It  is  very  remarkable  that  when  the  actual  cost  for  labour  per  ton 
of  plates,  in  the  finishing  mill,  at  the  two  places  is  compared,  there  is, 
in  spite  of  the  very  much  greater  individual  earnings  of  the  men,  no 
such  difference  as  that  just  shown  as  obtaining  in  the  puddling 
department.  In  the  English  works,  situate  in  the  County  of  Durham, 
it  is  a  common  practice  to  contract  with  one  man  who  pays  for  the 
necessary  help  at  such  rates  that  his  own  earnings  are  often  greatly 
increased  from  this  cause.  There  h  no  doubt  also,  that  the  amonnt 
of  duty  performed  per  man  is  much  greater  in  England  than  it  is 
abroad,  as  is  proved  by  the  larger  number  of  persons  employed  in  the 
Continental  works.  As  examples,  while  one  man  and  a  boy  usually 
work  a  mill  furnace  in  England,  the  men  from  all  the  furnaces  assist- 
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ing  each  other  in  charging^  at  this  foreign  work  in  question  there  are 
two  furnace  men,  one  receiving  68.  6fd.  and  the  other  48.  per  day, 
besides  a  boy  at  Is.  2^d.  The  German  plate  rollers  are,  as  has  been 
shown,  paid  an  exceedingly  small  wage  as  compared  with  those  in  the 
North  of  England;  bnt  then  at  the  former  there  are  no  less  than  22 
men  engaged,  a  much  larger  number  than  is  to  be  seen  doing  the  same 
work  in  this  country. 

Adopting  the  same  mode  of  comparison  as  that  pursued  in  the 
paddling  department,  we  have  the  following  approximate  results,  also 
•exclusive  of  smiths,  fitters,  &c.: — 

Geniuui  MiU.  English  MIU. 

Delivering  materials 2*13  ...  5*34 

Engine  men  and  tire  men 4*80  ...  5*00 

Furnace  men 16'40  ...  30*66 

Filing  iron,  roUer,  and  shearmen   ...        74*08  ...  60*60 

Sunday  labour          ...         ...         ...          2*64  ...  8*50 

£100  £110 


Any  one  conversant  with  the  subject  will  recognise  the  difBculty  of 
making  a  perfectly  correct  comparison  between  any  two  works,  owing 
to  the  differences  in  which  the  accounts  are  kept.  At  the  puddling 
works  as  well  as  in  the  finishing  mill,  the  item  of  ''sundry  labour*'  is 
much  higher  in  the  English  than  in  the  German  establishment.  This 
is  probably  due  to  the  greater  amount  of  help  afforded  to  the  piece 
workers  in  the  former.  It  must  also  be  remembered  that  the  make  in 
the  English  plate  mill  being  one-half  more  than  in  the  German,  an 
.advantage  in  point  of  economy  in  labour  is  the  natural  consequence. 
Had  the  German  mill  been  conducted  on  the  same  footing  as  the 
Enghsh  ic  is  not  unlikely  that  the  difference  in  its  favour  would  have 
.a  second  10  per  cent.,  making  the  entire  excess  against  the  English 
manufacturer  20  per  cent,  instead  of  10  per  cent. 

It  may  be  mentioned  in  conclusion  that  the  average  pay  of  the 
•entire  staff  in  the  German  mill  is  3s.  G^d.  per  shift  in  the  puddling 
mill,  and  8s.  6d.  in  the  plate  mill,  which  is  considerably  below  that 
{yrevailing  in  England. 

I  have  endeavoured  to  pursue  the  inquiry  as  to  the  comparative 
•cost  of  labour  in  the  manu&cture  of  malleable  iron  in  England  and 
Germany.    This  I  have  done  by  dissecting  the  information  I  possess 
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SO  as  to  obtain  the  number  of  men  employed  along  with  the  wages^ 
they  receive.  The  English  mill  it  should  be  observed  enjoys  the  ad- 
vantage of  being  on  a  much  larger  scale  than  the  Oennan  one  witli 
which  it  is  compared,  inasmuch  as  it  produces  exactly  three  times  the 
weight  of  plates  made  by  the  other  in  a  given  time. 

The  money  paid  on  each  shift  at  the  two  places  was  as  follows: — 

Enolihh  Mill.  Ob&ican'  Mxu.. 


No.  of  wa«Mt  ArenMfe        No.  of         „„,«.  

Men.  yfV[^  per  Day.         Men.          "■•».  p«Dv 

£     B.     d.  B.  d.  £    n.  €L  &d. 

£nginemen2,and2boys...     4  0  13    0  3  3     ...     2  0    4  9  2    4i 

Boilennen 2  0    9    0  4  6    ...     2  0    5  6^  2    Si 

Wheelers  of  coal 4  0  18    0  4  6    ...    2  0    4  7  2    3 

Cuttingpuddledbars,  wheel- 
ing, and  pUing 9  2    9    6  8  3^  ...     9  1    4  6i  2    i^ 

Chargers,  7  men,  5  boys...  12  2    0    6  3  4^  ...     6  0  15  4^  2     6] 

Fumacemen          11  6    10  10  1     ...    9  1  15  3^  3  11 

Men  at  rolls,  etc 16  8  11    0  10  8^  ...  22  4    2  IJ  3    9 

Shearing  finished  iron     ...10  6    5    0  12  6    ...  11  2  12  U  4    8i 

Sundry  labour       4  0  12    0  3  0     ...     3  0    5  8i  1  lOf 


72      27  19    0        7    9^        66       11     9  11^       3    6 


In  the  examples  before  ns  notwithstanding  that  the  average  earn- 
ings of  the  English  workmen  are  somewhat  more  than  double  those  of 
the  German,  yet  o¥ring  to  the  greater  power  of  the  English  mill  and 
its  consequent  larger  production  ahready  mentioned,  the  total  cost  of 
labour  for  the  items  enumerated  is  actually  25  per  cent,  higher  in  the 
German  work  than  in  the  other.  The  moment,  however,  that  a 
foreign  mill  is  established  on  a  similar  footing  as  its  English  com- 
petitor it  is  most  likely  that  the  greater  economy  of  production  will 
lie  with  the  former. 

I  have  dwelt  at  some  length  on  circumstances  which  tend  to> 
increase  the  cost  of  manu&ctured  iron  in  the  United  Kingdom;  be- 
cause undoubtedly  it  is  by  reason  of  the  cheap  production  afforded  by 
cheaper  labour  that  Belgium  is  able  to  send  girders  and  other  forms 
of  malleable  iron  into  our  country.  It  will  be  a  more  serious  matter 
if  our  trade  in  ship-plates  should  be  interfered  with  by  the  same 
cause;  for  then,  with  more  economical  labour  in  the  shipyards  abroad^ 
it  might  easily  happen  that  we  might  lose  that  supremacy  in  the 
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construction  of  iron  \esselB  which  we  at  present  enjoy.  Are  there 
indeed  no  signs  of  this  state  of  things  visible  at  the  present  moment  ? 
trk>ine  foreign  countries  are  progressing  in  building  ships  from  iron  of 
their  own  manufacture,  and  we  hear  of  others  importing  plates  of 
English  make  for  shipyards  where  iron  is  dearer  but  labour  is  cheaper 
than  the  present  rates  ruling  in  the  United  Kingdom. 

BESSEMER  STEEL. 

The  manufacture  of  Bessemer  steel  is,  comparatively  speaking,  so 
recent  an  invention  that  almost  every  year  brings  some  improvement  in 
the  appliances  used  in  its  production.  The  extent  to  which  these 
have  been  introduced  of  course  materially  affects  the  cost  of  labour  on 
the  ton  of  steel. 

In  respect  to  the  individual  earnings  of  the  workmen,  although  the 
rates  paid  in  the  United  Kingdom  are  much  higher  than  those  of  the 
Continent  of  Europe,  the  very  great  differences  noticed  as  existing  in 
certain  items  between  British  and  foreign  malleable  iron  works,  are 
often  not  to  be  found  in  the  manu&cture  of  Bessemer  steel. 

As  examples  of  this  I  append  the  following  extracts  from  memo- 
randa taken  in  the  years  1879  and  1880  :— 

Great  Biitein.  Germany, 

s.    d.  s.     d.  B.    d.       8.     d. 

Converter  men  ...        5  10  —  ...        2    9  to  3    7^ 

Men  in  ingot  pit       ...  4  7f  to  5    1  ...  2    7„3    2 

Ladle  men      4  1    „    4    8  ...  2  11  ,,  3    2^ 

Furnace  men  in  rail  mill  6  2    ,,    6    6  ...  4    2        — • 

Rollers           9  0    „  10  10  ...  6    8  „  8    7 

Roughers       7  5    „    7    7  ...  3  10  „  7    8 

Cold  straightenerg    ...  5  4i  „     —  ...  4    0       — 

Speaking  approximately,  there  seems  to  be  a  difference  of  50  per 
cent,  against  the  British  manu&cturer  in  the  items  just  given. 

I  have  had  communicated  to  me,  in  great  detail,  the  particulars  of 
the  wages  paid  in  two  steel-rail  works.  The  one  is  in  England,  making 
about  double  the  quantity  of  ingots  of  the  other,  which  is  in  Germany. 
The  weight  of  rails  per  shift  was  about  the  same  in  each  case.  The 
various  items  have  been  divided  under  the  heads  given  below,  in 
order  to  compare  the  average  daily  earnings  at  the  two  places.  At 
both  the  pig  iron  was  remelted  for  the  converters.^ 

*  In  both  cases  the  coet  of  delivering  the  materials  is  omitted. 
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Converters : — 

Cupola  men 

Men  at  converters  and  ladles 

„    ingot  moulds 
Engine  men     ... 
Repairs,  etc 
Sundry  labour 


Bn^laad. 
ATerftge  Wakc. 

d. 


oi 


s. 
6 
7 

5  Si 

6  7 
4  10} 
4    6f 


Arenge 
8.    d. 

2     8 

2  U^ 

2  10 

2    7 

2     6i 

2    Oi 


Average  of  staff  at  convei 

rters 

6    2J      .. 

2    8 

Rail  Mill:— 

Men  and  boys  at  furnaces    . . . 

•  •  • 

6  lOJk       ... 

3  10 

Head  roller      

•  •  t 

23    2        .. 

8    7 

Charging    furnaces^    bogejring. 

and 

rolling      

•  •  • 

7    7f 

3    7 

Hot  rail  sawyers        

■  •  • 

6    8i 

2    6 

Cold  straightening    

•  •  • 

3  10} 

2  lOi 

Engine  men 

•  •  • 

5    6 

2  10 

Repairs           

•  •  • 

6    14 

2    8 

Sundry  labour            

•  •  • 

3    2i 

2    8^ 

Average  of  staff  at  mill 

•  •  • 

6    3} 

3    3 

The  information  from  which  these  ccJculations  are  compiled  vras 
given  me  in  detail  and  in  writing.  I  have  thns  been  enabled  to  com- 
pute the  relative  cost  at  the  two  places  referred  to. 

At  the  converters  the  relative  amount  of  work  performed  per  man 
engaged  and  its  cost  are  as  follows: — 

Converters : — 

Work  performed  per  man,  England  taken  as  unity 

Cost  of  ingots  for  the  items  named 

Avei*age  daily  earnings 
Sail  Mill:— 

Work  performed  per  man 

Cost  of  nuls  for  the  items  named 

Average  daily  earnings 


»» 


>» 


» 


» 


>j 


f) 


»» 


»> 


England. 

100 

..     8117 

100 

...     63-24 

100 

...     43-24 

100 

...  100- 

100 

...     8611 

100 

...    6118 

As  a  proof  how  the  wages  of  the  men  are  affected  by  the  vicissitades 
of  trade  in  Germany,  there  is  given  below  the  daily  earnings  of  various 
bnmches  of  labour  in  a  German  steel  rail  mill,  beginning  with  the  year 
of  high  prices — 1873 : — 
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1873.  1874.  1875.  1878.  1877.  1878.  1879.  1880. 

First  roUer  ...  10/8i      10/10        5  8i        6/5i  5/84  5/8  4/8  fllf 

Second  „     ...    9/8        1010        5  5*        65  5  8  5  If  4/5i  4/4* 

4,4i  5'3f  5/1}  4/3|  3/5f 

4/2|  311i  4;3  35J  3/5 

3.1  3,3i  31  2/11  3;0f 

31J  2  8f  2  6!  2/11}  2/104 

3  6}        Hm        41^      3,6}        3/74 

In  further  illnstration  of  the  fact  just  referred  to  I  annex  the 
average  daily  earnings,  over  a  period  of  ten  years,  of  another  establish- 
ment in  Germany.  These  embrace  the  men  engaged  at  the  converters 
and  rolling  mill. — 


First  heater... 

6,3} 

68 

56^ 

Second   n 

6,1 

63^ 

44i 

Man  at  saw  ... 

m 

62} 

3,4 

I>re88erofnul8 

494 

45 

3.6 

The  entire  staff 

at  the  rail  mill 

6a 

5  2 

50 

1889L 

1870. 

i8n. 

187S. 

1873. 

1874. 

1875. 

1876. 

1877. 

1871 

2/llJ 

2/3} 

210} 

3.7 

40i 

3/8i 

33 

3;1J 

3/1 

3/0^ 

I  have  given  these  German  rates  of  wages  at  some  length,  because 
it  is  from  that  quarter  that  the  British  rail-maker  meets  his  most 
formidable  competitors. 

In  Wales  the  average  earnings  of  the  higher  classed  men  at  the 
Bessemer  converters  will  run  from  30s.  to  42s.  per  week.  In  Germany 
they  are  very  little  more  than  the  half  of  this,  the  highest  being  20s.  and 
•others  18s.  The  average  of  all  the  men  employed  in  Wales  at  and 
about  the  Bessemer  pits  is  about  Ss.  7d.  per  day,  as  against  2s.  6d.  in 
Germany,  or  a  difference  of  33  per  cent,  against  the  former.  When 
however  the  actual  money  paid  for  labour  in  each  comes  to  be  compared, 
the  number  of  men  is  so  much  greater  abroad  than  in  England,  being 
nearly  double,  that  the  actual  cost  for  workmanship,  per  ton  of  pro- 
duct, in  the  Welsh  works,  is  about  22^  per  cent,  only  above  that  in 
Germany. 

Since  the  foregoing  comparisons  were  made,  very  considerable  im- 
provements have  been  introduced  into  the  recently  constructed  rail 
mills  in  England.  One  of  the  latest  consists  of  three  powerful  direct- 
acting  engines,  each  driving  one  pair  of  i\>lls  only.  The  hot  ingot  is 
brought  to  the  cogging  mill,  from  which,  by  means  of  a  series  of  rollers 
driven  by  steam  power,  it  is  conveyed  direct  to  the  roughing  rolls,  and 
from  these  in  like  manner  to  the  finishing  mill.  After  the  operation 
of  rolling  is  completed,  a  third  set  of  rollers  passes  the  rail  on  to  the 
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saws,  from  which  it  is  removed  by  mechanical  agency,  in  which 
however  there  is  nothing  very  novel.  In  this  way  an  ingot,  a  ton 
weight  or  more,  is  reduced  to  100  feet  of  finished  railway  bar  and  cut 
to  length  in  4^  minutes.  The  work  is  performed  with  such  rapidity 
that  the  mere  act  of  compression  on  the  steel  is  a  source  of  oon- 
siderable  heat  so  that  the  rail  when  completed  is  almost  as  hot  as  the 
ingot  was  when  it  first  entered  the  cogging  rolls. 
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SECTION  XVIL 


ON  LABOUR  IN  THE  UNITED  STATES  OF  AlVIERICA. 

In  the  preceding  section^  devoted  to  a  comparison  of  the  conditions 
and  cost  of  labour  in  Great  Britain  and  in  certain  foreign  nations, 
little  reference  has  been  made  to  the  United  States  of  America.  They 
were  pnrposelj  omitted,  notwithstanding  the  fact  that  in  the  annnal 
quantity  of  coal  and  iron  produced  the  Union  stands  second  only  t(» 
Great  Britain.  It  has  been  thought  expedient  to  adopt  an  arrange- 
ment which  assigns  a  separate  section  to  the  North  American  Conti- 
nent, owing  to  the  important  differences  in  the  circumstances  which 
surround  the  question  in  the  opposite  hemispheres. 

In  Section  XIY.  it  has  been  assumed  that  the  price  at  which 
labour  can  be  supplied  is  more  or  less  dependent  on  the  terms  at 
which  the  necessaries  of  life  can  be  procured ;  and  certainly,  so  far  as 
human  agency  is  required  in  the  production  of  such  necessaries  them- 
selves, some  connection  between  their  price  and  the  rate  of  wages  ap- 
pears to  have  obtained,  at  all  events  in  former  times,  in  the  old  world. 

In  the  Western  States  of  the  Union,  the  extent  of  land  is  so 
immense,  as  compared  with  the  population,  that  the  element  of  rent 
in  the  cost  of  grooving  agricultural  produce  may  be  regarded  as  almost 
nil  It  is  widely  different  in  Europe,  where  denser  populations  have 
exercised  a  corresponding  influence  on  the  value  of  land,  by  the 
greater  demand  there  exists  for  its  products. 

After  the  elimination  of  the  item  of  rent  it  is  extremely  difScult  to 
form  any  very  satisfactory  estimate  of  the  comparative  cost  of  food, 
as  it  is  produced  in  the  United  States  and  in  Europe.  This  difficulty 
arises  from  the  totally  different  nature  of  the  conditions  under  which 
the  cultivation  of  the  soil  is  pursued  in  the  two  continents.  In  the 
Western  States,  prairie  lands  are  broken  up  and  continue  to  grow  wheat 
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year  after  year,  the  produce  after  a  few  years  gradually  diminishing^  in 
quantity  until  the  average  per  acre  is  only  about  one-half  that  in  the 
United  Kingdom.     According  to  information  given  me  in  1882  by 
Mr.  Welch,  the  President  of  Iowa  College  of  Agricultnre  at  Ames, 
six  or  seven  men  are  employed  on  a  farm  of  1,000  acres  of  wheat  land. 
They  are  retained  from  April  to  December,  during  which  time  they 
receive  3s.  2^.  per  day,  which,  with  board  and  lodging,  is  equal  to 
about  4s.  2d.    About  half  of  this  staflf  remain  the  year  round  to  look 
after  the  horses  and  other  work  on  the  place.    No  manure  whatever 
is  purchased,  so  that  any  laid  on  the  land  is  confined  to  what  is  pro- 
duced by  the  horses  employed  on  the  fann  or  by  a  cow  or  two.     Upon 
land  so  worked,  with  a  produce  of  about  20  bushels  per  acre,  wheat 
can  be  put  into  the  granaiy  on  the  farm  at  Is.  0^.  to  la.  3d.  per 
bushel.    Another  estimate  brought  the  cost  to  Is.  4^.  including  taxes 
and  interest  on  purchase  of  land. 

Upon  large  farms  the  machinery  employed  is  of  the  most  improved 
type,  and  in  ordinary  seasons  the  pursuit  of  agriculture  is  a  very 
lucrative  one.  The  profits  of  one  consisting  of  6,000  acres,  growing 
difierent  kinds  of  grain  were  spoken  of  iis  reaching  £9,375  per 
annum. 

To  this  information  I  would  add  the  results  of  my  own  enquiries 
when  in  the  United  States. 

A  banker  of  St.  Petersburg  in  Illinois  gave  me  the  following  par- 
ticulars of  his  own  farming  in  1874.  He  is  the  proprietor  of  10,000 
acres  of  land,  which  he  purchased  at  the  rate  of  £11  per  acre,  and 
of  it  he  retains  1,000  in  his  own  hands.  He  pays  his  labourers, 
chiefly  immigrants  recently  arrived,  17s.  6d.  per  week  and  their  board, 
equal  altogether  probably  to  30s.  Female  domestics  have  lis.  3d.  per 
week  and  board.  He  spoke  in  disparaging  terms  of  native  American 
labour,  and  even  the  fresh  importations  from  Europe  only  continue  to 
satisfy  him  in  point  of  efficiency  for  about  three  years.  His  average 
produce  for  thirty-five  years  has  been  71  bushels  of  Indian  com  per 
acre,  weighing  56  lbs.  per  bushel ;  of  wheat  he  does  not  exceed  li) 
bushels. 

A  gentleman  from  West  Minnesota  informed  me  that  the  farmers 
paid  about  5s.  9d.  per  day  in  harvest  time,  and  that  the  land  can  be 
bought  there  at  3s.  6d.  per  acre,  which  for  some  years  yields  fix>m  20 
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to  30  bushels  per  acre^  weighing  65  lbs.  per  bushel,  after  which  it  falls 
off  considerably.  In  spite  of  the  high  price  of  labour,  the  actual 
cx)st  for  this  item  is  probably  even  less  than  with  us,  although  in  Eng- 
land it  is  little  more  than  half  the  price  paid  in  Minnesota.  On  a 
farm  growing  nothing  but  wheat,  a  force  of  men  at  ploughing  and 
seed  time,  with  a  second  force  in  harvest,  constitute  the  chief  cost 
for  wages.  The  heads  of  com,  when  ripe,  are  pulled  off,  and  the 
straw  is  burnt ;  after  which  the  land  is  ploughed  and  sown  as  long  as 
it  will  bear  a  crop  worth  the  expense  of  cultivation.  With  a  price  of 
30s.  per  quarter,  free  on  the  railroad,  they  express  themselves  abun- 
dantly satisfied. 

I  was  informed  that  in  Colorado  good  land  could  be  purchased  for 
5s.  6d.  to  15s.  per  acre,  according  to  the  distance  from  the  railway. 
Farm  labourers  get  £5  12s.  6d.  per  month,  and  their  board.  The  soil 
immediately  after  being  broken  up  produces  25  bushels,  but  this  gra- 
dually Mh  off,  so  that  in  twelve  or  fifteen  years  it  has  sunk  to  12  bushels; 
after  which  the  location  is  deserted  and  other  land  is  purchased. 

Upon  the  occasion  of  my  first  visit  to  Cleveland  City,  Ohio  (1874), 
a  leading  banker  of  that  place  had  just  returned  from  the  Bed  River; 
and  he  stated  that  prairie  land  in  that  country  could  be  purchased  for 
prices  varying  from  lis.  to  848.  per  acre,  which  for  some  years  after 
being  ploughed  up  yielded  46  bushels  of  wheat  per  acre.  The  Red 
River  is  about  150  miles  from  Duluth  on  Lake  Superior,  where  the 
grain  is  shipped  direct  for  BuffiJo  on  Lake  Erie,  and  forwarded  thence 
by  rail  to  New  York  City. 

Mr.  Clare  Sewell  Read,  and  Mr.  Pell,  who  recently  visited  the 
wheat-growing  districts  of  America,  as  members  of  a  Royal  Commis- 
sion, report  to  our  government  that  the  total  cost  of  labour  in  some 
districts,  including  board,  was  only  3s.  7d.  per  day ;  fix)m  which  they 
estimated  that  wheat  could  be  delivered  at  the  local  depdts  at  28s.  per 
quarter,  and  this  estimate  is  based  on  the  yield  being  only  13  bushels 
per  acre. 

According  to  the  authority  just  quoted,  the  cost  of  sending  a 
quarter  of  wheat  by  the  lakes  to  Chicago,  thence  by  rail  to  New  York, 
and  by  steamer  thence  to  Liverpool,  is  19s.  9^. ;  which,  added  to  the 
cost  price,  brings  up  the  total  charge  to  about  478.  9^d. 
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Although  the  cost  of  transport  from  Chicago  to  Liverpool  is  about 
10s.,  or  13s.  indnding  charges,  per  quarter,  Messrs.  Bead  and  Pell 
mention  the  fact  that,  owing  to  speculation  and  other  causes,  wheat  is 
sometimes  as  cheap  at  the  latter  city  as  at  Chicago.  This  however, 
I  imagine,  can  only  be  under  exceptional  circumstances  and  possibly 
of  rare  occurrence. 

According  to  information  received  at  West  Hartlepool,  the  cost  of 
bringing  wheat  from  the  Western  States  to  the  seaboard  varies  from  6s. 
to  8s.  per  quarter,  and  the  cost  thence  to  West  Hartlepool  is  6s.  From 
another  source  of  information  I  learn  that  ships  have  recently  been 
constructed  which  can  bring  it  to  England  at  a  profit  at  4s.  3d.  Cattle 
can  be  conveyed  in  summer  at  50s.  and  sheep  at  4s.  per  head;  but, 
owing  to  increased  insurance,  the  freight  in  the  winter  months  on 
these  descriptions  of  live  stock  is  110s.  and  8s.  respectively. 

It  is  however  impossible  with  us  to  apply,  the  factor  of  rent  or  indeed 
any  other  factors  which  enter  into  the  cost  of  fieurming,  to  the  exclusive 
production  of  any  particular  description  of  crop.  This  arises  from 
the  circumstances  that  the  soil  and  climate  of  the  United  Kingdom 
do  not  admit  of  any  one  kind  of  grain  being  grown  continuously  upon 
the  same  breadth  of  ground.  The  abUity  therefore  of  the  farmer  to 
sell  wheat  at  any  particular  price  depends  to  some  extent  not  only  on 
the  money  he  obtains  for  wheat  but  also  that  commanded  by  oats, 
barley,  etc. 

In  order  to  ascertain  the  proportion  which  rent  bears  generally  to 
the  cost  of  raising  farm  produce  in  the  United  Kingdom,  my  friend 
Mr.  Thomas  Gow,  a  great  authority  on  farming  science  and  practice  in 
Northumberland,  kindly  prepared  for  me  the  following  statements.  He 
assumed  that  £22,500  had  been  paid  for  a  farm  of  500  acres  the  rent 
of  which  was  SOs.  per  acre.  This  return,  viz.,  £750  per  annum,  he 
calculates  will  only  leave,  after  paying  outgoings,  2J  per  cent,  on  the 
capital  invested  by  the  landowner,  but  such  has  been  the  desire  to 
possess  a  portion  of  the  limited  territory  in  Great  Britain  on  the  part 
of  the  almost  unlimited  number  of  wealthy  persons  in  the  country,  that 
many  are  to  be  found  willing  to  charge  the  food  of  its  inhabitants  with 
this  very  moderate  amount  of  interest  on  the  money  invested  in  its 
soil. 
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Taking  wheat  at  448.,  barley  at  32s.,  oats  at  26s.,  and  beans  at  42s. 
per  qaarter,  with  cattle  at  their  then  value  (1881),  viz.,  about  98.  6d. 
per  stone,  it  is  doutbtful,  everything  taken  into  the  account,  whether  the 
the  farmer  would  derive  more  than  bare  intei'est  on  his  capital  invested 
in  the  undertaking.  It  may  be  further  added,  that  the  income  is 
based  on  the  supposition  that  the  land  yields  of  wheat  82,  of  barley  40, 
of  oats  42,  and  of  beans  32  bushels  per  imperial  acre;  and  valuing  the 
grain  at  the  prices  already  named,  we  may  roughly  take  the  income  to 
<x)iisist  of  one-fourth  from  each  of  the  descriptions  named.  It  is  true, 
the  estimate  setting  forth  the  results  of  an  exclusively  corn-^growing 
system  of  tillage  appears,  under  the  assumed  circumstances,  to  be  the 
more  profitable  mode  of  cultivation:  but  Mr.  Oow  doubts  its  remain- 
ing so,  owing  to  the  gradual  exhaustion  of  the  soil,  consequent  upon 
the  nature  of  the  &rming  operations  it  involves. 

Upon  such  a  farm  as  that  just  referred  to  when  oats  sell  at  26s.  per 
quarter,  beans  at  42s.,  barley  at  32s.,  and  wheat  at  44s.  will  allow 
about  5  per  cent,  to  the  farmer  for  his  capital  employed.  This 
estimate  is  founded  on  the  farm  of  500  acres  being  almost  exclusively 
devoted  to  growing  grain.  If  instead  of  this,  150  acres  of  its  area  is 
engaged  for  grazing  purposes  with  grain  at  the  same  values  as  these 
just  given  and  meat  at  9s.  6d.  per  stone  the  profit  may  at  first  be  a 
little  less  than  in  growing  grain  alone. 

According  to  an  analysis  of  the  cost  of  tillage  farming  just  men- 
tioned, with  which  Mr.  Gow  favoured  me,  the  expenses  may  be  thus 
divided: — 


AU  Tillage. 

XH^u V    •«.             •••             •••            ••*             •••            *•• 

•  •  i 

20-53 

Rates  and  taxes       

•  ■  • 

2-05 

IUfil79                     ••«                ■■■                ■«•                •••                ••■ 

•  ■  « 

26-57 

Wages  for  repairs  iiiclading  materials     . . . 

•  •  • 

1-78 

Manures,  etc           

■  •  V 

1903 

Ot^UUo   •»•                ■••                •••                •••                •••                •«• 

•  ■  • 

10-26 

Horse  keep 

•  •• 

11-83 

Depreciation  of  implements  and  horses    ... 

•  «  ■ 

4-16 

Interest  on  fanner's  capital           

■  •■ 

4-79 

100- 
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Although  wages  constitute  75  per  cent,  of  the  cost  of  growing- 
wheat  in  America^  the  dearer  labour  there  does  not  interfere  with 
cheap  production  to  anything  like  the  extent  it  would  do  in  Eng- 
landy  owing  to  the  very  different  circumstanoes  attending  its  culti- 
vation.    Nevertheless,  as  agricultural  labour  has  in  the  previous 
section  been  adopted  as  a  basis  of  comparison  for  other  kinds  of  wages 
I  was  desirous  of  having  ample  information  on  this  point,  and  hence  I 
applied  in  1879  to  my  friend  Mr.  J.  S.  Weeks,  the  editor  of  the 
"Iron  Age"  published  in  New  York,  who  kindly  obtained  for  me  the 
current  rates  payable  to  farm  servants  in  the  vicinity  of  the  chief  iron- 
making  centres  of  the  States.    The  following  are  some  of  the  results 
of  his  elaborate  enquiries  instituted  in  the  year  1881^: — 


Waoks. 


State. 


Distriot. 


New  York      Lake  Ohamplain 

„  Salisbuxy  region 

Penn«ylTimi»  Schuylkill  Valley 

Lehigh  Valley 

Pittsburg 

Shenango  Valley 

„  BuMuduuma 

Valley 

Mahoning  Valley 

StentonTille 

Hangingrock 


Ohio 


Kentucky 
Maine 


Portland  and 
Katahden 


Manachoeette 
Virginia 

West  Virginia  Qnlnniment 
„  Wheeling 


Tennessee 

Indiana 

niinois 

Wisconsin 

Michigan 


Prerailing 
Industry. 


Iron  mining  and  3 
smelting 


Oharooaliron 
Pig  iron 

Goal  and  iron 

•> 
Iron 

Coal  and  Iron 


{I 


S 
3 
S 
8 
8 


Chattanooga 

Oreencastie 

Opposite  St.  Louis 

Millwaukee  and 
Chicago 

lAke  Superior 


Iron 

Pig  iron 

Coal  and  iron 
Iron 

•• 


{ 


6 

3 

3 
3 

a 

2 

3 

4 
4 


Per  Day. 

d. 

7i  and  board 

]|  with  board 
S  without  board 

U  and  board 

9  and  board 

li  to  i/a  and  board 

1  to  3/li  and  board 

1  to  3/li  and  board 


3  7iaDdboard 
3  11  and  board 
3   li  and  board 

3  11  and  board 

4  a  and  board 


Per  Week. 

Yearly  Serrioe. 

s.  d. 

12   6andboaid 

15   7|  with  board 
36   (H  without  boaid 

9  4|  to  13^  and  board 

17  4  to  96/(H  »nd  boaid 

10  5  and  board 

10  5  and  board 


10   6  and  board 
13   61  and  board 

s.  d. 
10   5  to  13  6aDdboaid 


31to7   31andboaxd 

Uto4   3andboaid 

Iwithboaid 
11  without  board 

Uand  board 


13 
8 
8 


6tol8 
4  to  10 
4  to  10 


9aiid  board 
Sand  board 
Sand  board 


11  and  board 

11  to  4/8  and  board 
3  and  board 
8  and  board 


18 

{J 

16 
10 
18 


6to81   Oandboard 


4  to  10 
6tolS 

8  to  30 

StolS 


SwUh  board 
71wlthoatbnL 

lOaadboanl 

Oandboard 


Oandboard 


4   3  to  5   21  and  board    37   01  without  boaid 


In  the  Pittsburg  and  Susquehanna  Valley  dlstrtots,  PennsylTanla»  4a.  2d.  per  day  and  boaid  is  paU 
In  hanrest  time;  in  StentonTille,  Ohio,  4b.  2d.  and  board;  <n  Chattanooga,  Tennessee,  4a.  2d.  and  boaid; 
and  in  IllinolB,  opposite  St.  Louis,  lOs.  Sd.  and  board. 


*  Board  in  all  these  cases  inoludlng  lodgings. 
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The  ooBt  of  board  per  week  is  given  by  my  informant  a8  follows : — 

■.    d.  ■.    d. 

Lake  Champlain     

SoUsbury  Region 

Schuylkill  Valley 

Lehigh  Valley  

FittsbuTg     ...  ...        ...        ... 

Shenango  Valley 

Mahoning  Valley 

Stentonyille ...  ...        ... 

Hangingrock  ...        ...        ... 


n 


SoBqnehanna 
Portland,  etc. 
Massachnaetts 
Virginia 
West  Virginia 


..k 


M 


12 

6 

to 

16 

8 

10 

6 

n 

14 

7 

12 

6 

ft 

16 

8 

12 

6 

ft 

19 

9i 

14 

7 

10 

6 

n 

14 

7 

8 

4 

»» 

14 

7 

8 

4 

11 

12 

6 

5 

2* 

>» 

9 

(H 

6 

2i 

tt 

9 

04 

12 

6 

it 

18 

9 

10 

6 

»» 

12 

6 

10 

6 

ft 

16 

8 

7 

8* 

w 

14 

7 

4 

2 

tt 

5 

0 

8 

4 

tt 

10 

0 

4 

2 

11 

6 

8 

6 

3 

tt 

8 

4 

8 

4 

tt 

16 

8 

8 

4 

7 

H 

tt 

8 

4 

Chattanooga 
Chreencastle ... 
Illinois 

Millwaakee  ... 
Lake  Superior 

I  have  extracted  from  Dr.  Tomig'g  work  on  American  labonr  the 
following  wages,  paid  to  farm  servants  in  the  United  States  in  1860 
and  1874:— 

Massachusetts  . 
New  York 
Pennsylvania    . 
West  Virginia  . 

The  average  for  1864  is  *87  dollars  =  8s.  7^d.,  and  that  for 
1874  1*21  dollars  or  5b.  0^.,  to  which  has  to  be  added  the  cost 
of  board. 

These  fignres  exceed  considerably  those  given  me  by  Mr.  Weeks, 

the  average  of  which  is  only  about  3s.  6d.,  board  being  fonnd  in  that 

case  also  by  the  employer.    If  Dr.  Young's  figures  for  the  two  years 

are  correct^  it  would  appear  that  in  fourteen  years  the  increase  in  cost 

of  &rm  labour,  irrespective  of  differences  of  value  in  the  currency, 

amounted  to  88  per  cent. 

II 


I860.     1874. 
DollAn. 

18B0.    1874. 
DoIUn. 

1880.    1874. 
DoUan. 

106    1-60 

Ohio 

...     ^89     113 

Michigan 

...  -93    1-25 

•89    1-48 

Indiana 

...     -96    118 

Wisconsin 

...  -81    1-50 

•84    lis 

Illinois 

...1-02    1-83 

Virginia 

...  -60      -64 

•77    1-08 
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It  is  no  doubt  quite  true  that  in  districts  remote  from  mannfac- 
toring  indnstry,  and  where  transport  is  expensive  owing  to  the  abeenoe 
of  railways  and  rivers,  agricultural  wages  in  the  United  States  may  be 
greatly  under  the  rates  already  quoted.  Thus  on  Big  Bock  Creek 
among  the  Smoky  mountains  in  Carolina  I  found  30s.  to  378.  6d.  and 
board  per  month,  the  ordinary  pay  of  a  farm  servant,  which  in  reality 
is  inferior  to  what  is  given  in  some  parts  of  England. 

Dr.  Young,  in  his  list  of  the  retail  prices  of  provisions  in  1872, 
quotes  the  following  rates  for  the  articles  selected  in  the  last  section, 
as  the  means  of  comparing  English  prices  with  those  of  the  Continent 
of  Europe : — 


Mana- 

ehuaetts. 

>.     d. 

New 
York. 

>.    d. 

Pennayl- 
rania. 

a     d. 

West 
Virginia. 

a     d. 

New 

England 

Staiea 

B.    d. 

ATenoe, 
Middle 
States. 

a     d. 

Great 

Britain 

1871 

8^     d. 

Flour,  per  barrel   . . . 

36  0 

31   8 

31    8 

25   6 

8011 

28    8 

33   0 

Beef,  per  lb. 

oil 

0   8 

0   8^ 

0   6 

0  9 

0  7 

0   9i 

Mutton  „ 

0  9 

0   7i 

0   8 

0   6 

0  8f 

0  7J 

0   8 

Lard       „ 

0  9 

0  8i 

0   8^ 

0  71 

0   8^ 

0  8^ 

0   8 

Cheese    „ 

010 

0  9i 

0   9i 

1   0 

0   94 

010| 

0   9 

Tea 

311 

4   1^ 

3   9 

4   2i 

4   2i 

311 

2   6 

Boasted  coffee,  per  lb. 

1   7 

1   4} 

1   4i 

1  4 

1   4 

1    44 

1   4 

Brown  sugar       „ 

0   4i 

0  4} 

0   4f 

0  6 

0   6^ 

0  6j^ 

0  4 

Potatoes,  per  bushel 

3    6f 

8   2^ 

4   0^ 

4  Oi 

4  0^ 

310 

— 

„        per  stone.. 

0  7t 

0   7i 

0   9 

0  9 

0   9 

0  8f 

— 

It  has  to  be  observed  that  the  quotations  for  England  are  for  1874, 
when  wheat  was  selling  for  56s.  8d.  per  quarter,  whereas  the  American 
prices  are  for  1872  when  wheat  however  was  onlj  Is.  4d.  dearer.  With 
this  correction^  and  with  the  other  prices  before  us,  it  is  not  too  much  to 
say  that  although  the  United  Kingdom  draws  so  large  an  amount  of  her 
grain  from  the  United  States,  the  &rmer,  miller,  and  retailer  there, 
manage  among  them  to  obtain  almost  as  high  prices  from  the  con- 
sumers in  their  own  country  as  they  obtain  delivered  on  our  shores : 
in  other  words  they  appear  to  divide  the  cost  of  transport  as  profit 
among  themselves. 

Dr.  Young's  quotations  for  England  (Huddersfield)  are  slightlT 
diflFerent  from  mine,  and  are  as  follows : — 


Y^^      Beef.    Matton.      Lard. 
Ferban^eL  Per  lb.  Per  lb.      Per  lb. 


>.      d. 
35     9 


d. 
10 


d. 
10 


d.       d. 
6to9 


Oheese. 
Per  lb. 

d.       d. 
6  to  10 


Tea. 
Per  lb. 

ad.       ad. 
2     8  to  3    4 


Boasted  Brova 
Coffee.  Sugar. 
Per  lb.     Perlbi 


a    d. 
1    3 


d. 

4 
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In  reality,  over  the  whole  of  the  articles  referred  to,  the  difference 
collectively  is  not  a  considerable  one,  and  the  results  exhibit  a  much 
smaller  margin  than  might  have  been  expected  in  &voar  of  the 
labooring  classes  in  America,  a  country  upon  which  British  workmen 
are  so  largely  dependent  for  a  great  part  of  the  enumerated  items. 

Before  leaving  Dr.  Young's  figures,  I  select  from  examples  he  gives 
some  of  the  lowest  cases  of  the  expenditures  of  working  men's  families. 


Connectlcnt. 
2  Adult8-3  Children. 

4 

So.  Bethlehem.  Pa. 
2AdiUt0-3Ohildx«n 

£ 

B.     d. 

£ 

8.      d. 

Flour  and  bread 

•  ■  • 

0 

4    0 

«  •  ■ 

0 

8    6k 

Butter  and  cheese 

■  •  • 

0 

2    74 

•  •  • 

0 

1  IQi 

Meat,  bacon,  and  lard    ... 

■  ■  • 

0 

2    4J 

•  •  • 

0 

2    1 

Fish  and  eggs     

•  •  • 

0 

2    9^ 

•  •  • 

0 

1    Sk 

Vegetables          

■  •  • 

0 

2    0 

•  •  • 

0 

2    1 

JjOLXIK             •••              •■•              ••■ 

•  ■  ■ 

0 

1    6i 

•  ■• 

0 

1    0 

Groceries,  including  soap,  etc. 

•  •  • 

0 

2  Hi 

•  •  • 

0 

6  10 

Clothing 

•  •  • 

0 

8    0^ 

•  •• 

0 

8  11 

Tobacco,  beer,  etc. 

•  •  • 

0 

0    2 

•  ■  • 

School,  religion,  etc. 

■  ■  • 

0 

0    5 

•  •  • 

0 

4    2 

House  rent         

■  •  « 

0 

8  10 

•  •  • 

0  10    6 

Fire  and  lighting 

•  •  • 

0 

6    1 

■  ■  • 

0 

5    0 

Taxes       0    0    8$         ...        0    0    2 


£2    2    Oi  £2    2    4i 


Weekly  earnings  £2    3    9  ...        £2  10    0 

It  will  be  recollected  that  the  expense  in  (Jermany,  for  families 
larger  in  point  of  numbers  than  those  described  by  Dr.  Toung,  varied 
from  12s.  6d.  to  about  14s.  6d.,  and  in  England  from  13s.  to  18s.  9d. 
for  provisions  alone.  The  only  two  resembling  these  which  I  have 
been  able  to  select  from  Dr.  Young's  numerous  list,  are  the  two  just 
mentioned;  in  which  not  only  are  the  expenses  generally  heavier  than 
those  of  families  in  Europe,  which  probably  proceeds  from  a  more 
liberal  table  being  kept,  but  items  which  might  have  been  expected 
lower  in  America  are  fully  as  high  or  higher  than  in  those  oountriei 
which  are  largely  supplied  from  the  western  hemisphere. 

I  shall  now  give  some  of  the  results  of  my  own  enquiries,  during 
my  visits  to  the  United  States  in  1874  and  1876,  on  the  general  ques* 
tions  of  cost  of  living  and  price  of  labour. 


1873. 

1874. 

187& 

s.     d. 
9  11 

a.     d. 
7     2 

4 

d. 
8 

7    6 

6  10 

6 

9 

7    0 

6    6 

6 

5 

8    7 

7    0 

5 

H 

18    0 

12    0 

9 

0 

12  10 

11    7 

8 

3 

12    0 

11    0 

9 

6 

7    4i 

6    9 

6 

9 
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In  1874  the  prices  of  iron  in  Great  Britain  were  considerably 
lower  than  they  had  been  in  the  years  1872  and  1873.  Scotch  pig 
iron  had  fallen  &om  an  average  of  117s.  3d.  to  87s.  6d.,  and  Cleveland 
from  103s.  9d.  to  74b.  6d. 

The  following  list  contains  the  prices  of  different  kinds  of  labour 
connected  with  iron-making  at  the  two  diflferent  periods : — 

Scotch  coal  hewers,  per  day         

Durham        „  ,>      with  houae  and  coal 

Clereland  ironstone  miners  

Paddlingr— Soath  Wales,  per  ton  of  2,400  lbs.  ... 

„         Staffordshire        „  „' 

„  Cleveland  „  „ 

Blast  famace  keepers 
I,  slagmen 

In  America  prices  had  also  declined  after  1878,  bnt  the  men  were 
still  earning  high  wages,  although  there  had  been  a  general  reduction 
in  the  prices  of  labour.  The  scale  paid  in  different  localities  was 
however  so  dissimilar,  that  the  simplest  plan  in  dealing  with  the 
question  will  be  to  take  each  district  separately. 

Upon  the  occasion  of  my  visit  in  1874  to  Lake  Champlain,  I  learnt,, 
as  might  have  been  expected,  that  the  high  wages  paid  in  the  mines 
and  ironworks  had  also  affected  the  hire  of  agricultural  labour.  The 
farmers  were  paying  18s.  10|d.  per  week,  which,  added  to  the  cost  of 
board,  brought  up  the  total  to  £1  lOs.  2d.  per  week,  or  5s.  per  day. 
A  miner  who,  out  of  a  pay  of  7s.  6d.  to  88.  6d.  per  day,  had  saved 
£800,  and  then  commenced  farming,  assured  me,  that  a  man  could 
then  (1874)  dress  himself  respectably  for  2s.  9d.  to  3s.  7d.  per  week; 
and  this  was  confirmed  by  a  draper  of  Burlington.  This,  with  board, 
would  come  to  17s.  4d.  per  week,  so  that  for  personal  expenses,  including 
amusements,  etc.,  25s.  were  ample. 

Provisions  at  that  time  were  to  be  had  at  the  following  rates  on 
Lake  Ghamplain: — 

8.     d. 

Batcher  meat,  hest      0  8|perlb. 

„         »     inferior  ...       4^.  to  0  6^     „ 

l>atter   •.•        •■>        ...        •.•        ••.        X  9}      „ 

Bacon    ...        ...        ...        ...        ...        0  oj     „ 

Flour  (workmen's)      1  7   per  stone. 
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In  Cleveland  City,  Ohio,  the  following  prices  were  given  me: — 


Butcher  meat,  best 

0    Sfperlb. 

Floor  (workmen's) 

1  114    n  stone. 

Clothes  (working) 

75    6     fi   salt. 

OUOOd         •••              ■••              •• 

6s.  7cL  and  9    6      „   pair. 

Honse  rent        

37s.  9d.  to  75    5      „  mouth. 

Honse  coal        

...     17s.  to  18  10     „   ton. 

In  the  Shenango  Valley,  house  rents  varied  from  lis.  6d.  to  198. 
per  month  at  the  ironworks,  and  house  coal  from  lis.  3d.  to  12s.  3d. 
per  ton.  Butcher  meat  ranged  in  1874  from  3^  to  8d.,  that  used  by 
ironworkers  being  5^.;  pork  was  5|d.,  and  flour  Is.  lOd.  per  stone. 

Twenfy-five  years  previously  the  prices  in  these  localities  were 
tilmost  exactly  half  of  the  above.  At  Young's  Town,  Ohio,  a  work- 
man, who  in  the  North  of  England  was  earning  708.  per  week,  assured 
me  he  could  live  better  on  that  income  at  home  than  on  848.  in 
America.  With  the  exception  of  clothing,  house  rent,  and  firing,  I  saw 
nothing  however  to  justify  the  complaint;  for  he  admitted  that  he  was 
buying  meat  at  6d.  per  lb.,  and  flour  at  Is.  9d.  per  stone.  The  price 
of  potatoes  was  given  me  at  2s.  3d.  per  bushel  or  4^.  per  stone;  apples 
were  2s.  3d.  per  bushel,  peaches  3s.  9d.,  oats  2s.  Id.,  Indian  com  3s. 

On  the  other  hand,  a  shingler  working  at  Pittsburg,  and  earning 
-98.  5d.  per  day,  considered  that  he  was  decidedly  better  off  in  America 
than  in  England,  so  &r  as  cost  of  living  was  concerned. 

In  Vest  Virginia,  ip  1874,  miners  were  paying  8|d.  for  the  meat 
they  consumed,  28.  3^.  per  stone  for  flour,  and  38.  9d.  per  week  for 
house  rent. 

In  the  same  State  the  owners  supplied  their  men,  in  case  the  latter 


Bacon    ... 

•  ■  ■ 

■  •  • 

•  •  • 

"     —"^7 

1. 

0 

d. 

7   per  lb. 

„      shoulders 

»  •  a 

•  •  • 

0 

^     If 

Coffee     ... 

•  •  • 

»  •  a 

•  •  • 

1 

14    „ 

Flonr     ... 

■  •  •                « 

•  • 

■  •  • 

2 

4    per  stone. 

Sugar     ... 

■  •  ■                1 

»  •  • 

•  •  • 

0 

7i  per  Ih. 

Molasses... 

•  •  •                « 

•  • 

•  •  • 

2 

8    per  gallon. 

Lard      ... 

•  •  •                      a 

•  • 

•  •  • 

0 

8f  per  Ih. 

aothes  (Sunday) 

»  •  a 

•  •  • 

37 

9    per  suit. 

„       (working) 

•  • 

•  •  • 

32 

0        ,. 

Shoes 

•  •  • 

•  •  • 

•  •  • 

11 

4    ])er  pair. 
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The  cheapest  provisions,  etc.,  I  met  with  were  at  Charlestown,  Ohio^ 
where 


Butclier  meat  was  selling 

at  . 

a. 
0 

d. 

3    per  lb. 

Flour     ...        ... 

1 

7|  per  stone. 

Bacon     ...        ... 

0 

4^  per  lb. 

Clothes  (including  shoes) 

52 

6   per  suit. 

Board  for  single  men  ... 

11 

4   per  week. 

At  Ironton^  in  the  same  State,  flour  sold  at  Is.  Id.  per  stone, 
butcher  meat  4^.  to  6|id.  per  Ib.^  and  house  rent  was  22s.  7^.  to 
45s.  8d.  per  month,  according  to  accommodation,  the  former  giving 
two  and  the  latter  four  rooms. 

In  Missouri,  at  the  Iron  Mountain  Mines,  I  obtained  the  subjoined 
quotations: — 

B.     d. 
Butcher  meat  2jfd.to0    4^    per  lb. 

Butter  ...        ...        ...        ...  0  Hi       ,| 

Best  bacon 0    7^      ,» 

Flour 2    2    per  stone. 

In  Indiana,  the  following  rates  were  given,  as  showing  the  almost 
incredible  rise  which  had  taken  place  in  the  value  of  articles  of 
domestic  consumption  within  twenty-four  years: — 


Wheat,  per  bushel  of  60  Ibe.... 

•  ■  • 

1850. 

n,    d. 

1    2 

1874. 
a.    d. 

4     1 

Indian  com     „           66  „  ... 

■  ■  • 

0    6 

2    2 

DQdf  pOir  1D«      •••            •••            ••• 

•  •• 

0    1 

6d.  to  0    6i 

The  board  and  fare  in  some  of  the  Southern  States  are  very  cheap  and 
very  poor.  Thus  in  Tennessee  I  was  told  a  week's  rations  for  a  work- 
man consisted  of  1  peck  of  meal  Is.,  10  lbs.  of  bacon  at  6^.  =  in  all 
6s.  5d.,  supplemented  with  some  vegetables  and  molasses. 

Board  for  a  bachelor  is  charged  10s.  6d.,  but  in  Alabama  and 
Georgia  7s.  per  week  is  considered  to  suffice  for  keeping  a  man.  Flour 
was  selling  at  Is.  10:^d.  per  stone,  bacon  at  5^.  per  lb.,  Indian  com 
3s.  9d.  per  bushel,  suit  of  working  clothes  88s.  to  44s.  3d.,  and  holiday 
suit  56s.  7d.  Upon  another  occasion  the  following  prices  were  givea 
me  for  the  same  neighbourhood : — 

I.     d. 
Butcher  meat  0    3^  per  lb. 

Flour  ...        ...        ...        ...        ...        1    7      »y    stone. 

House  rent,  2  rooms  and  kitchen     ...      18  11      „    month. 

Clothes  49s.  to  52    7      t,    per  suit. 
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In  the  oity  of  Baltimore  as  much  as  ISs.  10^.  per  week  was  paid 
by  a  workman  for  board  and  lodging,  but  there  day  labourers  are 
paid  34b.  per  week. 

At  Marquette  on  Lake  Superior  in  1876,  the  following  were  the 
retail  prices  of  provisions: — 


• 

8. 

d. 

Flour,  ordinary 

•  •  ■ 

.•• 

*•  ■ 

1 

8  per  stone. 

,f      finest      ... 

■  •• 

.  «  • 

•  •• 

2 

8        „ 

DQ0X          ...             ••• 

•  •■ 

.  .  • 

•  •• 

0 

7  per  lb. 

Bacon 

•  •» 

•  .  • 

•  ■  « 

0 

64            M 

Butter 

1                                                                   1    ^      rM 

■  •  • 
1 

•  •• 

• 

1 

1 

3}      „ 

My  informant,  an  old  Clarence  ironworks  man,  stated  that  he  paid 
18s.  lOd.  per  week  for  his  board  and  lodging,  which  was  not  superior 
in  any  way  to  what  he  had  in  Middlesbrough  for  10s. 

In  the  iron  mining  region  around  Marquette  the  following  were  the 
prices: — 

8.       d. 

Floor 1  7^  per  stone. 

Bacon  ...        ...        ...        ...        ...        0  6      t,  lb. 

Beef 7d.  to  0  7^    „    „ 

jsubter...        ...        .*•         •••         •••        vr  XX4    fy    }f 

It  or  Jl     ««•  ...  •••         ...  ...         vr  4^     ff     ff 

l&ggB    ...        ...         ...        ...         ...        0  5i    ,t    doz. 

Around  the  copper  mines  of  Lake  Superior : — 

8.     d. 

Floor,  ordinary  ..•        2    2    per  stone. 

Board  and  lodging,  aboot    16    0     „    week. 

Botcher  meat 0    6|    „    lb. 

irOLm,     ...  ...  ..t  ...  ...  V      07     tt        it 

In  the  year  1874,  wheat  averaged  in  the  North  of  England  55s.  9d. 
per  quarter,  and  in  1876  46s.  2d.;  flour  being  2s.  1^.  and  Is.  9d.  per 
stone  respectively  for  these  two  years. 

In  1878  wheat  stood  in  the  United  Kingdom  at  46s.  5d.  and  flour 
at  Is.  lOd.  to  Is.  lid.  per  stone,  so  that  provisions  generally  may  be 
considered  as  occupying  an  intermediate  position  between  the  years 
1874  and  1876.  On  my  return  from  a  foreign  journey,  in  November, 
1878, 1  made  a  note  of  the  retail  prices  of  provisions,  etc.,  at  Middles- 
brough, from  which  the  following  are  extracted: — 
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Flour  ... 

•  •  • 

■  •  • 

•  •  ■ 

■  ■  ■ 

8.   d. 
1  11 

per  stone. 

Fresh  meat 

•  ■  • 

■  •  • 

■  •  • 

6d.  too  10 

per  lb. 

Bacon  ... 

■  •  ■ 

• «  • 

•  ■  ■ 

6|d. 

„  0 

6 

M 

Lard    ... 

■  •  • 

•  •  • 

■  ■  • 

0 

7 

>t 

Cheese... 

•  t« 

•  ■  • 

•  •  • 

0 

7 

ft 

Batter... 

•  •  • 

•  •  • 

•  •  ■ 

1 

3 

»» 

Eggs    ... 

•  •  « 

•  •  ■ 

•  ■  • 

0 

9 

per  doz. 

Tea 

•  •  • 

■  •  ■ 

■  •  • 

8 

6 

per  lb. 

Sugar  ... 

••• 

•  •  • 

«  •  • 

Sid. 

to  0 

^ 

>» 

Potatoes 

•  •  • 

■  •  • 

•  •• 

•  •  • 

0 

8 

per  stone. 

House  rent 

•  ■  • 

•  •  • 

•  •  • 

36. 

to  4 

0 

per  week. 

Coals  9s.  lid.,  at  the  usual  rate  of 

consumption  costing     18        „ 

A  comparison  of  these  last  quoted  figures  with  those  which  repre- 
sent the  prices  in  America^  will  satisfy  any  one  that,  so  far  as  the  cost 
of  living  is  concerned,  the  ironworkers  in  Pittsburg  and  the  Lehigli 
Valley  enjoy  little  if  any  advantage  over  those  of  Cleveland  or  Scot- 
land. 

It  may  appear  a  little  strange,  that  while  the  inhabitants  of  the 
United  Kingdom  derive  such  large  supplies  of  human  food  firom  the 
United  States,  the  residents  of  Pittsburg  and  other  large  centres  of 
population  in  the  Union  should  be  paying  almost  as  dearly  for  their 
provisions  as  do  the  people  in  Liverpool  or  Birmingham.  It  must  be 
recollected  however  that  the  com  and  other  agricultural  produce,  con- 
sumed in  American  centres  of  industry  are  saddled,  although  to  a 
lesser  extent  than  we  are,  with  considerable  expenses  for  transport 
from  the  Western  States. 

The  large  imports  of  manufactured  articles  into  the  United  States 
are  a  proof  that  enough  is  not  produced  at  home  to  meet  the  require- 
ments of  the  large  population.  Every  object  so  imported  has  to  bear 
the  charge  of  transport,  together  with  a  heavy  duty.  As  a  natural 
consequence  not  only  is  it  sold  at  a  much  higher  price  than  the  same 
object  commands  in  the  exporting  country,  but  it  is  this  artificially 
raised  value,  which  regulates  the  selling  price  of  what  is  produced  in 
the  Union  itself. 

In  this  way  everything  of  domestic  consumption  and  public  use  is, 
generally  speaking,  dear  in  the  United  States.  I  imagine  it  is  this 
which  exercises  a  certain  influence  on  the  expenses  of  the  retail  trade 
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and  thus  raises  the  price  to  the  consumer  of  home  grown  produce, 
^although  it  may  be  obtained  on  such  favourable  terms,  as  to  bear 
heavy  transport  expenses  to  Europe,  and  still  be  able  to  meet  the 
fanners  of  the  United  Kingdom  and  the  Continent  of  Europe  on  their 
own  ground. 

Agricultural  labour  is,  as  has  been  shown,  unquestionably  higher 
in  the  United  States  than  in  Great  Britain;  but  so  &r  as  this  element 
is  a  factor  in  the  cost  of  food,  it  is  amply  met  by  the  general  low  price 
of  the  land.  Taking  4s.  per  day  as  the  price  of  &nn  labour  in  the 
United  States,  and  8s.  as  that  in  the  neighbourhood  of  Middles- 
brough, we  have  the  former  figuring  as  83  per  cent,  higher  and  some- 
times even  more,  than  the  latter. 

The  fact  that  the  United  States  can  and  does  send  annually  to  the 
United  Kingdom  about  2^  millions  of  tons  of  different  kinds  of  grain 
and  flour,  at  a  cost  of  about  12^  per  cent,  of  its  value  for  land  carriage, 
and  a  similar  amount  for  ocean  freight,  is  an  admission  that  these  articles 
<ian  be  had  in  America  at  a  cheaper  rate  than  that  at  which  they  can  be 
•obtained  in  Europe;  the  actual  price  varying  of  course  according  to 
the  relative  situation  of  the  points  of  consumption  and  production. 

Without  pretending  that  wages  and  the  cost  of  food  have  any 
necessary  correspondence,  I  would  draw  attention  to  the  fact  that  in 
the  United  States  the  pay  of  the  very  class  engaged  in  the  production 
of  food  for  Europe  has  been  shown  to  be  higher  by  20  per  cent,  or 
even  more  than  with  us.  This  ceases  to  be  an  anomaly,  when  it  is 
remembered  that  the  United  States  can  only  meet  the  great  strain  on 
its  industrial  activity  by  largely  recruiting  its  labouring  population 
irom  the  old  world.  To  encourage  immigration,  larger  wages  are 
•offered  than  are  current  on  this  side  of  the  Atlantic ;  and  competition 
for  workmen  appears  to  be  further  stimulated  by  a  wish  on  their  part 
to  acquire  land,  and  work  for  themselves  instead  of  for  others. 

Accepting,  however,  the  wages  paid  to  farm  servants  as  running 
say  88  per  cent,  above  those  paid  for  similar  labour  in  the  iron  dis- 
tricts of  the  North  of  England,  it  will  be  found  in  the  sequel  that  the 
•earnings  of  those  engaged  in  mines,  ironworks,  and  their  cognate 
branches,  in  the  United  States,  as  compared  with  those  of  farm 
labourers  generally  show  a  much  greater  difference  than  exists  in  the 
•old  world  between  these  two  classes  of  workmen. 
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The  price  of  labour  in  the  States  themselves^  as  has  already  been 
said,  varies  very  considerably  according  to  locality ;  the  cheapest  beiivr 
in  the  Southern  States,  where  slavery  prevailed  until  the  Civil  War. 
The  miserable  diet  upon  which  the  slaves  were  fed  seems  to  have  left 
its  mark  even  to  the  present  day.  I  was  informed  (in  1874)  that  the 
usual  slave  rations  for  a  week  consisted  of  one  peck  of  meal  worth 
4^.,  and  4  lbs.  of  bacon  costing  Is.  l^d.,  equal  therefore  in  all  to  3^ 
per  day.  Some  more  indulgent  masters  allowed  their  people  a  little 
molasses  and  tobacco,  which  might  bring  up  the  expense  to  Is.  lOdor 
Is.  lid.  per  week.  They  received  two  suits  of  clothing  in  the  year, 
costing  under  £2  ;  which,  with  medical  attendance,  etc.,  brought  up 
the  total  annual  cost  of  a  slave  to  his  owner  to  about  £9  or  £10. 
The  houses  or  cabins  were  then,  and  in  many  cases  are  stiU,  most 
wretched  shelters,  if  buildings  can  be  called  shelters  which  are  full  of 
crevices  admitting  the  light,  and,  fortunately  perhaps,  the  air.  Some 
allowance  of  course  must  be  made,  in  considering  the  amount  of  food 
and  clothing  required,  on  account  of  the  fineness  of  the  climate,  in 
latitudes  32*5  to  85,  therefore  some  1,200  miles  nearer  the  equator 
than  the  chief  mining  districts  of  Great  Britain. 

Notwithstanding  the  recent  date  of  the  abolition  of  slavery,  com- 
mon labourers  in  Alabama  and  Georgia  were  being  paid  in  1874  a 
paper  dollar  per  day,  equal  to  3s.  9^ ;  and  now  of  course  there  is  a 
considerable  improvement  in  the  mode  of  life  of  the  coloured  popula- 
tion of  these  States,  who  constitute  the  chief  source  of  labour.  Over 
the  Central  and  Northern  States  of  the  American  Union  a  oomrooii 
rate  of  pay  to  ordinary  labourers  in  that  year  was  1 J  dollar  or  58.  7|d. 
per  day.  In  one  case  I  found  the  rate  as  low  as  4s.  8^.,  viz.  in 
Cleveland  City.  During  the  previous  year,  1878,  from  7s.  6d.  to  as 
high  as  lis.  had  been  paid  in  the  anthracite  coal-fields,  during  the 
excited  periods  of  the  coal  trade ;  and  at  Marquette  on  Lake  Superior 
8s.  5|d.  was  earned  by  the  ordinary  labourer. 

These  quotations  have  reference  to  the  iron  works  and  their  asso- 
ciated mines ;  for  which  class  of  labour  at  that  time  (1874)  the  usual 
pay  in  Great  Britain  was  a  trifle  above  4s.  per  day.  It  would  there- 
fore appear  that  in  the  North  of  England  there  was  only  a  difference 
of  Is.  per  day  between  the  pay  of  farm  servants  and  ordinary  labourers 
in  the  mines  of  that  district.    On  the  other  hand,  according  to  Mr. 
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Weeks,  agricultural  labour  including  board  was  paid  at  the  rate  of 
of  5s.  6d  per  day  in  the  iron  districts,  while  ordinary  labourers  in  the 
mines  in  the  same  vicinity  were  receiving  from  7s.  6d  to  lis. 

The  anthracite  colliers'  wages  are  regulated,  or  were  so  up  to  1879, 
by  a  sliding  scale.    Probably  in  the  whole  history  of  industry  there  is 
no  more  remarkable  instance  of  the  danger  of  engrafting  artificial 
restrictions- on  a  trade,  than  has  accompanied  the  development  of 
anthracite  mining  in  the  United  States.    In  spite  of  what  turned  out 
to  be  the  enormous  extent  of  the  region  containing  this  valuable 
mineral,  an  attempt  was  made  by  some  half-dozen  corporations  to 
create  a  species  of  monopoly  for  supplying  the  produce  of  the  mines 
to  the  consumer.    The  power  possessed  by  these  bodies  for  controlling 
the  market  was  of  an  unusual  character ;  for  they  were  chiefly  the 
railway  companies,  whose  lines  connected  the  coal-fields  with  the  ship- 
ping ports,  with  the  iron-works,  and  with  other  important  centres  of 
consumption.     When  private  enterprise,  outside  these  powerful  com- 
panies, attempted  to  supply  the  market  on  lower  terms  than  satisfied 
the  boards  of  railway  directors,  the  railway  dues  were  raised :  on  one 
occasion,  I  was  informed,  they  were  quadrupled.    In  a  communication 
to  the  Iron  and  Steel  Institute,  made  in  1875,  after  my  return  from 
the  United  States,  I  ventured  to  predict  the  same  fate  for  this  American 
combination,  as  that  which  befel  a  similar  one  in  the  Great  Northern 
coal-field  in  England.     That  prediction  has  been  realised^   to  the 
great  embarrassment  of  at  least  one  great  railway  company,  which  had 
largely  overspeculated  in  coal  lands.     Under  the  monopoly  created  by 
rival  companies  of  railroad  owners,  immense  profits  were  realised  by 
the  sale  of  anthracite  coal ;  fresh  capital  was  attracted,  and  additional 
collieries  were  opened  out.    This  created,  of  course,  a  great  demand 
for  men,  who  naturally  enough  set  an  increased  value  upon  their 
labour,  as  the  demand  for  it  increased.    In  this  way  wages  were  run 
up,  until  a  working  collier  has  been  known  to  realise  nearly  two  pounds 
for  his  day's  work.     If  the  railway  companies  were  right  in  imposing 
prohibitive  rates  of  carriage  on  coal,  the  men  were  at  least  equally 
justified  in  creating,  as  they  did,  an  artificial  scarcity,  by  a  general 
abstention  from  work  of  thirty  days.    The  isct  however  is  that  both 
were  wrong;  and  the  trade  is  now,  I  believe,  left  to  take  care  of  itself ; 
for  the  moment  the  interests  of  the  railway  companies  began  to  con- 
flict inter  se,  as  they  were  certain  to  do  in  an  overstocked  market,  the 
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monopoly  fell  to  pieces.  It  is  needless  to  say  that  many  strikes,  <ttie 
lasting  six  months,  accompanied  these  excessive  fiuctaations  in  ibt 
markets;  the  owners  resisting  what  they  regarded  as  extraTagaot 
demands  while  prices  rose,  and  the  men  reinsing  to  accept  such  tenn 
as  their  employers  offered  when  prices  fell.  These  conflicts  betweei 
the  coal  owners  and  their  men  were  unfortunately  the  precuraoTs  of  a 
much  more  terrible  state  of  things.  A  wide  spread  conspiracy  wm 
organised  in  the  anthracite  coal  districts,  which  aimed  at  nothing 
short  of  murdering  any  man  who  made  himself  conspicuous  in  restEfr- 
ing  the  demands  of  the  workmen.  Not  only  were  those  who  oflEended 
in  this  respect  marked  by  the  heads  of  this  foul  combination,  but  no 
man's  life  was  safe  who  ventured  to  give  evidence  on  any  trial ;  » 
that  by  false  sweaiing  on  one  side,  and  fear  to  tell  the  truth  on  the 
other,  conviction  for  some  years  became  impossible.  According  to  the 
statement  of  the  counsel,  Mr.  F.  B.  Oowen,  through  whose  perseveranoe 
the  organisation  was  finally  broken  up,  ''county  coimmssioners,  high 
constables,  chiefe  of  police,  candidates  for  associate  judgahips,  wen 
actually  guilty  of  murdering  those  whom  they  were  from  their  position 
bound  to  protect."^ 

The  extent  of  the  undue  development  of  the  anthracite  ooal-fieUs, 
fostered  as  it  was  by  very  high  prices,  may  be  judged  of  by  the  traoe- 
actions  of  1880;  for  during  this  year  the  collieries  were  actually  idle 
about  one-third  of  their  time. 

To  avoid  infcerruption  to  work,  always  fraught  with  disastrous  con- 
sequences to  both  sides,  a  sliding  scale  was  adoped  by  one  large  firm, 
which  for  a  week's  work  of  60  hours  afforded  the  following  rates  of 
daily  pay  to  the  various  branches  of  labour  employed : — 


1876.  1876.  1877.  1878L  1879.  „  _ 

8.     d.  8.    d.  8.d.  8.d.  8.d.  %.   4. 

Miners      8    9  8    9  7    5i  8    2  8    9        8    U 

Labourenbelowgrrouud...  7  11  76  69^  69  7  11        6  10 

Driver  men          7  11  7    6        6    9^  6    9  7U        6  10 

Engine  men         11    2  10    3  10    8  9    4  9    4 

Labouren — average  above- 

gronnd 7    3  6    8  6    3  5    0  4    8 

Carpenters lO/SJ  7 1-IO/IJ  7/1-10/1^  6/B-86  6    8 

Machinists 11^8  7,4-li;8  7/4-11/8  7    4  7    4 

*  Any  one  wishing  for  more  information  respecting  the  oonspracr  entered  into 
by  these  anthracite  coal  miners,  under  the  designation  of  "  Molly  Maq^iresi"  ii 
referred  to  the  most  able  and  intrepid  speech  in  tiie  court  of  assise,  of  Mr.  Goirak 
through  whose  sole  instrumentality  the  culprits  were  convicted. 
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The  scale  adopted  was  to  pay  the  miners  50  cents.  (Is.  10^.)  when 
anthracite  was  selUng  at  5  paper  dollars  (ahont  18s.  2d.)  per  ton  at 
New  York,  with  a  rise  of  12^  cents,  (about  5|d.)  per  ton  for  each 
dollar  advance  on  the  price.  The  pay  of  all  other  branches  of  labour 
at  the  pits  was  regulated  by  the  same  course  of  procedure,  and  this  was 
popular  so  long  as  the  market  was  a  rising  one,  under  which,  wages  of 
artisans,  etc.,  ranged  from  6s.  OJd.  to  7s.  6^.  per  day.  They  were 
aftervrards  in  consequence  of  their  refusal  to  abide  by  the  sliding  scale, 
struck  out  from  its  operation  and  their  wages  were  left  to  be  regulated 
by  the  rates  paid  for  similar  labour  in  other  branches  of  industry. 
Under  this  new  code  their  pay  would  have  amounted  to  from  58.  7|d. 
to  6s.  O^d.  per  day;  against  which  they  held  out  for  more  than  six 
months  and  then  gave  way. 

The  miners'  earnings  just  given,  notwithstanding  that  they  are 
nearly  double  those  of  men  of  the  same  class  in  Great  Britain,  do  not 
prevent  the  anthracite  coal  owner  from  being  able  to  load  his  produce 
into  trucks  at  a  cheaper  cost  than  is  possible  at  any  colliery  I  am  ac- 
quainted with  in  the  North  of  England.  It  has  further  to  be  remarked 
that  the  wages  just  mentioned  do  not  in  point  of  fact  convey  a  correct 
idea  of  the  actual  earnings;  for  they  are  calculated  on  an  assumed 
weight  of  coal  worked,  whereas  in  reality  one-half  more  is  very 
commonly  obtained  by  a  good  man.  When  in  an  anthracite  mine, 
in  1876,  I  was  informed  that  the  miners  own  earnings  varied  from 
9s.  5d.  to  18s.  2d.  per  day,  out  of  which  he  had  to  pay  for  powder 
and  oil. 

In  1874,  the  wages  given  me  as  earned  by  a  coal  hewer  in  the 
Schuylkill  region  (anthracite)  varied  from  8s.  4d.  to  lis.  8d.  per  day 
of  10  hours;  and  in  the  bituminous  coal  of  Alabama  they  were  from 
68.  7d.  to  7s.  6id. 

In  the  latter  State,  however,  the  value  of  labour  is  affected  by  the 
condition  of  things  antecedent  to  the  abolition  of  slavery,  as  well  as  by 
the  employment  of  convicts  in  the  mines.  These  unfortunate  people 
are  formed  out  by  the  prison  authorities  to  a  contractor,  who  bargains 
with  the  coal  owner  for  the  produce  of  their  exertions.  At  one 
colUery  visited,  I  was  informed  that  the  contractor  paid  about  £2 
per  annum  per  convict,  which,  with  watching  to  prevent  escape, 
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feeding,  clothing,  and  idle  time,  brought  up  his  cost  to  Bs.  per  workiif 
day.  With  this  treatment  they  were  doing  as  much  work  as  minos 
from  Wales  who  were  earning  9s.  5d.  per  day. 

In  the  Connelsville  coking-coal  pits  the  hewers  in  1874  were  re- 
ceiving above  lOs.  per  day,  and  at  Charleston  on  the  Ohio  9s,  5d.  fcr 
eight  or  nine  hours'  work.  In  Kentucky  State  at  the  same  date  die 
miners  eaiiied  8s.  Id.  to  9s.  per  shift.  In  1876  I  heard  that  in  Tuscan- 
was  the  gross  earnings  of  the  hewers  wei-e  6s.  9^.,  which  after  pajifif 
for  powder  and  oil  left  5s.  lOd.  net.  In  other  parts  of  Ohio,  viz.,  ii 
the  Pittsburg  district,  I  was  informed  that  the  wages  of  miners  had 
been  reduced  88  per  cent,  in  the  two  years  since  ]  874,  which  left  their 
earnings  at  that  time  58.  8d.  to  6s.  7d.  per  day. 

At  one  large  ironwork  in  Pennsylvania,  where  the  men  were  paiJ 
on  a  sliding  scale  determined  by  the  price  of  rails,  the  hewers  coold 
earn  about  7s.  6d.  in  ten  hours  after  paying  for  powder  and  candks; 
but  owing  to  slack  trade  their  actual  pay  did  not  much  exceed  two- 
thirds  of  this  sum. 

In  the  years  1874, 1875,  and  1876  the  rate  paid  to  the  coal-hewers 
in  the  County  of  Durham  was  such  that  they  could  earn  on  an  average 
of  the  three  years  6s.  per  day,  besides  free  house  and  firing,  equal 
therefore  to  about  6s.  8d.  In  the  United  States  the  amount  received 
by  this  class  of  men  varied  from  7s.  to  13s.  At  the  then  price  of  ftm 
labour,  the  collier  in  the  County  of  Durham  could  earn  double  the  paj 
of  the  agriculturaliBt;  while  in  the  Um'ted  States  the  hewer  in  the 
anthracite  pits  could  easily  make  four  times  as  much  bs  the  fam 
servant.^ 

At  the  same  time  while  the  hours  of  pit  work  in  America  weie 
nearly  the  same  as  those  spent  at  the  plough,  the  Durham  miner 
remained  underground  little  more  than  half  the  time  of  him  who  was 
working  in  the  fields  above  his  head. 

The  relative  amount  of  work  done  in  the  two  countries  for  the 
same  money  is  difficult  of  comparison,  owing  to  the  varying  facilitr 
with  which  different  seams  of  coal  are  worked.  At  one  ironwork  in 
Eastern  Pennsylvania,  five  tons  were  given  me  as  the  quantity  which 
could  be  worked  by  one  collier,  which  is  about  10  per  cent,  better  than 

*  Vide  page  551. 
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the  usual  average  of  a  Durham  hewer,  and  nearly  30  per  cent,  above 
the  amount  really  worked  at  the  time  of  my  visit,  when  the  latter  were 
restricting  their  output. 

The  wages  for  mining  iron  ore  in  America  in  1874  varied  between 
48.  and  8s.  6d.  per  day  of  twelve  hours.  In  West  Virginia  the  miners 
were  earning  4s.  or  a  httle  less,  and  in  Eastern  Pennsylvania  4s.  4d.; 
while  in  the  magnetite  mines  of  New  Jersey  the  rates  varied  firom 
5s.  7|d.  to  7s.  6d.  In  the  Lake  Superior  district  they  reached  as 
high  as  8s.  6d. 

In  the  Cleveland  mines  the  average  earnings  of  the  men  in  the 
same  year  were  about  6s.  6d.;  so  that,  with  the  exception  of  the  richer 
ores  of  New  Jersey  and  Lake  Superior,  the  English  ore  miners  were 
as  well  paid  as  the  same  class  of  men  in  some  parts  of  the  United 
States. 

Having  regard  to  the  figures  which  represent  the  iron-ore  miners' 
wages,  it  cannot  be  pretended  that^  when  compared  with  English 
earnings,  they  are  on  the  whole  much  out  of  keeping  with  the  price  of 
agricultural  labour  in  the  two  countries. 

In  the  year  1874  the  following  wages  were  being  paid  to  the 
different  classes  of  mechanics  in  one  of  the  largest  engine  shops  in  the 
North  of  England.  Following  those  are  the  prices  per  day  paid  at  the 
same  time  in  different  parts  of  the  United  States: — 

NORTH  OP  ENGLAND. 

Fitters  and         Black-         Striken  to    Joiners  and        Brlok- 
Lathemen.         nniths.  Smiths.      Carpenters.         layers. 

s.     d.  s.     d.  8.     d.  s.     d.  s.     d. 

J  Lowest  ...        3    0  4    2  2  10  4    4  3    8 

"^         i  Average...        6    1i  5    5^  34i  60  50 

Fitters  aitd  Lathbkek. 

s.  d.  •.  d. 
Ohio  ...  •.*  ...  •.*  •••  9  5  to  11  8 
Pennsylvania 6    9^  to  11    3 

I)  *••  •■•  •••  •«•  DJL       bO    XU      a 

Wisconsin        6    7    to    8    3 

Average  8    8^ 
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UNITED  STATES. 

1 

BLACKSmTHB. 

Fitters  and 
Lathemen. 

BUek- 
nmithB. 

Skriksnto 
Smiths. 

Jotnanand 

Oarpent«K& 

■. 

d. 

ft. 

d. 

New  Jersey     

7 

6 

to     9 

5 

New  York  SUte 

8 

6 

Ohio      ...        ...        ... 

7 

6* 

Wisconsin        

8 

»f 

Ohio,  Cleveland  City  ... 

9 

5 

to  11 

3 

„     Shenango  Valley 

7 

64 

to  11 

O 

New  York  State 

8 

51 

Alalwrna          

9 

5 

Missouri           

7 

6 

to    8 

S^ 

Average 

■  • •                ••  • 

TO  Smiths. 

8    9^ 

Stbikbsb 

ft. 

d. 

Ohio,  aeveland  City 

• 
•  •  •               ■• • 

•  •  • 

5 

6 

M     Shenango  Valley 

« •  •               ••  • 

•  •  • 

5 

7i 

Alabama          

•  ■  ■               *  • « 

«  •  ■ 

5 

7f 

Missouri           

•  •  •               •  •  • 

•  •  • 

5 

3i 

Average 

•••               •••               «•• 

D  CARPBVTSB8. 

5 

6 

JOIKBBS  Air 

t. 

d. 

s. 

d. 

New  Jersey     

•  «  •                    ■  •  • 

8 

5i 

New  York        

•  •  •                    •  •  • 

8 

6f 

Pennsylvania 

•  »  •                     ■  •  • 

9 

5 

Ohio,  Cleveland  City  ... 

«  « •                    ••  • 

8 

6f  to 

9 

5 

„     Shenango  Valley 

•  •  •                    ••  • 

■ 

9 

5 

•  ••                    ••• 

6 

7f 

Missouri           

•  • •                    « •  • 

•  •  •                    •• » 

CLATES8. 

7 

6    to 

8 

6* 

Average 

8    4 

Bbic] 

s. 

d. 

i. 

d. 

New  York        

«  •  •                      •  •  • 

8 

1     to 

8 

6 

Pennsylvania 

•  •  •                      «  •  • 

18 

2    to  15 

8 

Wisconsin        

...Us.  S^d., 

13 

2    to  16 

1 

Alabama          

•  ■  •                •  •  • 

7 

6    to 

8 

5 

Miss6uri           

•  ■  •               «  ■  • 

•  •  •                •  «  • 

7 

6    to 

8 

H 

Average 

10    7 

Smithi. 

Striken. 

PerGant. 

Per  Cent. 

60 

64 

Joiners  uid 
OarpenterB. 

MaflQuand 
Bncklayers. 

Per  Cent. 

Percent. 

66        ... 

110 
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From  these  figures  it  appears  that  the  wages  paid  in  the  United 
States  are  higher  than  in  the  North  of  England  iron  district^  in  about 
the  tbllowing  ratio  :^ 

Fitters  and 
Lathemen. 

Percent. 
71 

On  referring  to  the  masons  and  bricklayers^  it  will  be  seen  that 
occasionally  these  classes  earn  fully  three  times  the  wages  usually  paid 
in  Great  Britain.  This  exceptionally  high  rate  is  paid  to  men  engaged 
exclusively  in  out-door  work,  in  which  the  severity  of  the  climate  in 
winter  presents  many  interruptions  to  steady  employment.  On  the 
other  hand  in  ironworks,  repairs  to  furnaces,  etc.  can  be  carried  on  at 
all  times,  and  for  such  work  8s.  to  8s.  6d.  may  be  considered  a  usual 
wage.  On  the  whole,  therefore,  it  will  not  be  wide  of  the  truth  if  it  be 
assumed  that  in  1874  the  pay  of  mechanics  in  the'TTnited  States  was 
nearly  70  per  cent,  higher  than  in  the  English  provinces. 

The  wages  paid  to  the  mechanics  at  ironworks  are  of  a  very  mis- 
cellaneous character,  as  a  good  many  young  people  or  imperfectly 
trained  men  are  employed,  where  the  work  is  not  of  a  very  highly 
finished  nature.  The  subjoined  rates,  current  in  an  English  ironwork, 
will  suflBciently  explain  this: — 


Fitters  and 
Lathemen. 

Blaok- 
aniths. 

Strilten. 

Joiners. 

Briolc. 
layers. 

Highest 

s.     d. 

5  10 

8.     d. 
6    0 

8.     d. 
4     1 

s.     d. 
5    0 

8.     d. 

5    6 

Lowest 

1     2 

4  10 

1     6 

2    0 

8    6 

Ayerage — actual 

4    2 

6    3 

8     6 

4    6 

4    4 

In  a  return  sent  to  me  from  a  large  Pennsylvanian  work,  in  1878, 
are  to  be  found  the  following  quotations: — 

BSSi.'S?        ^^         ^^^  Joined.          £S: 

8.      d.               8.     d.               8.      d.  8.      d.               8.     d. 

Highest           ...      10    0          11    2^          4    8^  11    0          10    2} 

Lowest            ...        4    3i          5    4i          4    2  5    4i          6    1^ 

In  the  North  of  England,  at  that  time,  the  returns  were  as 
follows: — 

Pittas  and         Blaok-           fitHk«««  r^in.*.             Brick- 

lathemen.         smiths.          Strikers.  Joiners.            j^^i, 

8.     d.             s.     d.             8.     d.  8.     d.             8.     d. 

Highest           ...        58           68            40  64           54 

Lowest            ...        30            48            32  46            40 

JJ 
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BLAST  FURNACES. 

On  comparing  American  with  English  blast-f  amace  work,  I  h&n 
fonnd  in  some  caaes  that  the  wages  of  the  best  men  were  a  little  hi^ 
than  are  current  on  this  side  of  the  Atlantic ;  but  the  earnings  of  Out 
whole  staff,  and  the  consequent  cost  on  the  ton  of  iron,  are  consideiaUj 
in  excess  of  what  is  paid  with  us.  This  arises  partly  from  the  some- 
what higher  rates  paid,  and  partly  from  the  fact  that  more  hands  are 
engaged  per  furnace  than  is  the  case  in  the  best  English  and  ScabA 
works.  I  would  also  remark  that,  in  spite  of  high  wages  in  Ameria, 
neither  the  rolling  stock  of  the  railways  which  conveys  the  min^:^]8  to 
the  works,  nor  the  mode  of  dealing  with  such  materials  on  their  arriTiI, 
is  characterised  by  the  same  endeavours  to  save  labour,  which  are  so 
conspicuous  in  our  best  arranged  ironworks  and  rolling  stock,  paitica- 
larly  in  the  Cleveland  district,  as  served  by  the  North-Eastem  Bailway 

A  word  or  two  as  to  the  actual  earnings  at  the  furnaces.     In  1874 
the  men  in  the  Cleveland  district  were  being  paid  as  follows: — 

Keepers.  Awiitont  Keepers, 

g.     d.  s.     d. 

10    9^         ...         4    3^ 

In  the  United  States  the  conditions  and  nature  of  furnace  woii 
vary  so  much  that  there  are  wide  differences  in  the  wages  of  the  men. 
There  are  still,  in  remote  districts,  many  small  furnaces  engaged  in 
smelting  iron  with  charcoal,  where  the  make  is  often  very  small,  and 
at  best  rarely  reaches  a  couple  of  hundred  tons  per  week.  In  some 
of  these  localities  the  keepers  are  only  paid  about  4s.  8^.  per  day. 
In  others,  particularly  where  the  make  is  great,  as  much  as  68.  is 
paid  for  this  kind  of  work  at  a  charcoal  ftimace,  and  4s.  8id.  to  the 
slagmen,  fillers,  and  chargers.  In  the  Lake  Superior  district  as  much 
as  7s.  6d.  to  8s.  6d.  was  earned  by  the  keepers  at  the  best  appointed 
charcoal  furnaces. 

The  current  rates,  in  1874,  at  the  larger  furnaces  using  mineral 
fuel  will  be  seen  by  reference  to  the  figures  below: — ^ 


Slacmen. 

FlUexs. 

Cbrnggen 

s.     d. 

8.     d. 

B.     ™ 

6    7i         ...         6    4i 

8     2^ 

Keepers.    Aasiatent  Keepers.    Slacmen.  Plllen.  _ 

•.d.      B.d.  s.  d.      B.d.     8.d.      8.d.  8.d.      8.d.  a.cL"8.d. 

State  of  New  York   ..  8   6  to9   6  6   7  to8   0  6   7  6   7  to7   6  6    7  to7   S 

..       Ohio  ..       ..7    6ito9   3  6   7  to7   6i     6   7]to7    U  6   7  to7    6i  6   a|to6  11 

PemuylTania  70to9   6  63to7   6i6    7tto7    U  6   7tto6   7  5   7  to?    1| 

West  Virginia  96  64—  66  <4| 

Indiana       ..7   6ito9   6  76  8   6i  60|7   Ifto?   li 

Missouri  9   0|  6   9  —  4   7f  4   71 

Tennessee    ..  76  67  —  67  671 


If 


»i 


Averages  taken  from  18  Works. .  8   8t  7   at  6   6  7   6  ^ 

'  The  dollar  is  reckoned  at  88.  9}d. 
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From  the  figures  given  we  may  take  the  average  of  the  keepers 
«uid  their  assistants  put  together  to  be  7s.  6^(1.  in  Cleveland  and 
78.  8^.  in  America. 

Either  from  the  occasional  heat  in  summer^  or  from  an  onwilling- 
11688  to  exert  themselves  as  our  men  do,  it  is  not  an  uncommon  thing 
in  America  to  have  fiillj  twice  as  many  men,  to  do  the  same  amount 
of  work  in  keeping  and  attending  to  the  slag,  as  we  have  in  the  North 
of  England.  This,  added  to  inferior  arrangements,  generally  results  in 
the  labour  on  a  ton  of  metal  in  America  amounting  to  nearly  double, 
:and  often  even  more  than  double,  its  cost  in  England* 

In  certain  cases,  where  the  make  in  the  United  States  is  very  large, 

say  700  tons  per  week,  the  earnings  per  man  of  the  entire  staff  in  1879 

-were  fully  one-third  above  those  in  the  Cleveland  district.    To  some 

-extent  this  is  necessitated  by  the  larger  make,  but  not  entirely  so;  for 

instead  of  having  to  receive  and  handle  3^  tons  of  ironstone,  as  in 

Oleveland,  for  each  ton  of  iron,  about  ]|  tons  of  ore  only  are  required. 

At  one  work,  where  the  make  was  less  than  one-half  of  that  of  the 

Cleveland  furnaces,  22  per  c^nt.  more  men  were  employed,  and  the 

average  earnings  were  22  per  cent,  higher;  and  in  another,  where  the 

number  of  men  was  something  like  that  in  Cleveland,  notwithstanding 

that  the  produce  was  only  about  one-half,  the  average  earnings  of  the 

ohief  men  were  57  per  cent,  above  the  highest  in  this  country. 

At  two  furnaces,  making  400  tons  of  iron  per  week  each,  the 
cumber  of  men  was  85  per  cent,  more  than  is  to  be  found  at  Middles- 
brough, while  the  average  daily  earnings  per  man  (5s.  lid.)  were 
51  per  cent,  higher. 

Speaking  generally,  I  should  say  that  the  entire  staff  of  men  engaged 

«t  blast  furnaces  in  the  chief  seats  of  the  iron  trade  in  the  United 

States  receive  on  an  average  from  25  to  30  per  cent,  higher  wages  than 

are  paid  in  the  best  establishments  in  Oreat  Britain,  while  at  the  same 

time,  as  formerly  observed,  the  number  of  men  is  considerably  greater. 

As  already  stated  however,  a  good  deal  of  this  unnecessary  expenditure 

of  labour  is  to  some  extent  due  to  the  absence  of  those  labour-saving 

appUances  for  which  the  best-equipped  works  with  us  are  distinguished. 

The  opinions  just  given  embody  the  general  impressions  produced 

•on  my  mind  by  visits  to  many  smelting  works  in  different  parts  of 

the  United  States.    More  recently  I  have  been  favoured  by  American 

friends  with  tabular  statements  of  the  actual  number  of  men  employed 
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at  their  respective  fnmaces  along  with  the  earnings  of  the  entire  gtai 
By  oomparing  these  with  what  may  be  considered  the  average  pnutif? 
in  the  best  arranged  of  our  modem  English  furnaces,  the  comparKcs 
points  to  the  conclusion  that  in  those  of  the  United  States  one-sixib 
more  men  for  each  furnace  is  required  for  producing  less  than  faaT 
the  quantity  of  iron.  Besides  this  diiFerence^  the  present  aver^ 
earnings  of  the  staff  (1883)  being  higher  in  America  than  in  Engiainl 
the  cost  of  labour  on  a  ton  of  pig  iron  in  the  particular  cases  compared, 
is  in  the  former  more  than  double  of  what  it  is  in  the  latter.  Os 
the  other  hand  the  wages  paid  at  the  English  works  jnst  refernd 
to  average  fully  one-half  more  than  the  earnings  of  each  man  of  the 
staff  at  the  Grerman^  French,  Belgian,  and  Luxemburg  famaoes.  As 
has  been  stated  in  the  previous  section,  owing  to  the  larger  number 
of  hands  employed  in  these  countries,  the  actual  price  of  the  labour  in 
the  first  three  on  the  ton  of  product  is  usually  25  per  cent,  above 
that  paid  in  the  North  of  England.  In  Luxemburg,  owing  to  the 
larger  make  of  some  of  the  furnaces,  this  difference  against  Great 
Britain  is  less  than  one-half  of  that  just  named. 

In  some  of  the  cases  which  came  under  my  notice  on  the  Continent 
of  Europe,  a  prominent  cause  of  the  large  number  of  men  required  at 
each  furnace  arises  from  the  exceedingly  defective  arrangements  for 
receiving  the  materials.  In  several  instances  I  observed  the  ooke 
being  unloaded  from  barges  by  means  of  baskets  carried  on  mens 
backs.  Of  course  it  may  be  urged  that  where  labour  is  so  mudi 
cheaper  than  with  us,  it  will  scarcely  pay  to  incur  the  outlay  of  capital 
needed  for  providing  the  appliances  in  general  use  in  the  vicinity  of 
Middlesbrough. 

The  differences  in  the  arrangement  of  the  works  are  not  however 
the  sole  cause  of  the  larger  numerical  strength  of  the  staff  engaged  at 
the  foreign  furnaces  in  question.  Much  must  be  put  down  to  the 
greater  physical  strength  of  the  British  workmen.  An  esteemed 
friend  in  Grermany  wrote  to  me,  in  reply  to  my  observations  on  this 
question,  as  follows  :— 

''I  am  much  amused  that  you  are  unable  to  understand  why  we 
require  so  large  a  number  of  men  at  our  blastfurnaces;  but  when  I 
visited  England  I  was  also  greatly  surprised  at  the  few  men  yon 
employ.  The  number  given  in  my  list  is  really  for  one  and  not  for 
two  furnaces.     There  is  no  avoiding  it.     We  have  oiten  the  same 
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Founden. 

Keepen. 

DoUms. 

DoUavB. 

1870 

18*95 

17-40 

1871 

19-00 

18-50 

1872 

2317 

22-61 

1873 

25*48 

24-85 

1874 

16-80 

15-75 

1876 

1512 

1400 

1876 

13-66 

12-60 

1877 

12-26 

11*34 

1878 

12-25 

11-34 

1879 

11-34 

11-34 

1880 

15-00 

14-00 

2nd  Helper. 

OreFUlora. 

OoiaFUlera. 

Dollan. 

Dollm. 

Dollan. 

14-72 

13-90 

9-90 

15-82 

15-00 

9-30 

19-32 

18-54 

10-50 

21*21 

20-16 

10-50 

13-30 

13-30 

10-16 

12-25 

12*26 

9-10 

1106 

11-06 

8-40 

9-94 

9-94 

7-70 

9*94 

9*94 

7*70 

9-94 

9-94 

7-70 

12*25 

12-26 

8-40 

^t^chnical  appliances  as  you  in  England;  for  anything  an  engineer  sees 
lie  can  imitate  ^d  oonstruct.  But  what  we  cannot  imitate  is  to  work^ 
^with  oar  cheaply  fed  men,  with  the  same  vigour  that  your  English 
'workmen  labour  who  enjoy  their  good  meat,"  etc,,  etc. 

I  have  also  received  from  a  most  trustworthy  quarter  the  average 
^veeklj  earnings  over  a  series  of  years  of  the  chief  workmen  at  a 
Pennsylvanian  work.    These  are  as  follows : — 

Irt  Helper. 
Dollan. 

15-55 
16-65 
2039 
22-40 
14-35 
12-95 
11-76 
10-57 
10-57 
10-57 
12*96 

The  make  of  the  furnaces  to  which  the  above-mentioned  rates 
.apply  amounted  to  260  tons  per  week,  the  foe!  used  being  anthracite. 
The  founder  answers  to  the  head  keeper  in  England,  and  the  three 
other  men  assist  the  founder  and  attend  to  the  slag.  Each  fdmace  has 
four  ore  fillers  and  one  coal  filler  on  each  shift,  who  discharge  the 
materials  into  the  fiimace.  This,  for  the  work  referred  to,  makes  a 
total  of  nine  men,  against  one  and  a  half  keepers,  one  slag  man,  two 
j&iii  a  half  fillers,  and  one  top  charger — in  all  six  men — at  an  English 
ImTiace  making  460  instead  of  260  tons  per  week  as  in  the  American. 

The  following,  showing  the  number  of  men  engaged  on  each  shift 
at  keeping,  slagging,  filling  and  charging  a  furnace,  is  taken  from 
returns  in  my  possession : — 

LoeaUty. 

Tons. 

32  6  5  3  100 

50  14  2  10  81 

43  14-5  2  8^  91 

36  14  2  9^  110 

35  11  2  6  78 

25  10  6  8  271 


Mftkeof  Iron    Xamber 
per  Shift.       of  Men. 


DaUy 


^_^      Co«t  per  Ton  of 

y  PiTv    ^'^^  Bnsland 
*     **■  taken  as  unity. 
■.    d. 


Cleveland 
Genxumy 

Do. 
France 
Luzembnrg 
United  States 


In  Snsqaehanna  Valley 
^  Illinois  ...        ...        ••.        *•• 

„  New  York  State      

„  Pennsylvania  (208.  8fd.  and  21s.  9d) 
}i  vinio  ...        ...        ••■        •••        •■• 

II  JLennessee      ...        ...        .«*        ... 


Per  Ton. 
s.     d. 

18  10 

19  U 
19    0 

21  3 

22  7i 
24    6 


Thus  it  would  appear  that  20s.  6d.  may  be  asstuned  as  haying  bees 
the  average  cost  of  hand-paddling  in  the  United  States  in  1874,  or 
nearly  doable  that  paid  in  Great  Britain. 
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It  will  be  observed  that  the  relative  costs  in  these  examples  do 
not  correspond  with  those  previonsly  mentioned.  This  chiefly  B^ses> 
from  the  remaining  branches  of  the  labour  differing  in  the  nombers 
employed  as  well  as  in  the  rate  of  wages. 

Cleveland,  which  has  been  taken  as  the  standard  of  comparison,  ig 
no  doubt  favourably  situated  for  economical  cost  of  labour.  Almost 
day  by  day  the  exact  quantity  of  raw  material  is  received  at  the 
furnaces  for  the  day's  consumption.  This  enables  the  furnace  manager 
to  deposit  his  supplies  of  ore,  fuel  and  flux  at  the  most  oonveni^it 
points  for  immediate  consumption.  On  the  other  hand  on  the  God- 
tinent  in  some  cases,  and  in  the  United  States  in  most  cases,  long  dis- 
tances intervene  between  the  coal  and  ore,  so  that  considerable  8tod[s 
of  one  or  other  are  lying  at  the  furnaces — a  condition  which  interferes 
with  dealing  economically  with  the  vast  weights  of  matter  involved 
in  the  smelting  of  iron. 

MALLEABLE  IRON. 

Passing  on  now  to  the  manufacture  of  malleable  iron,  we  are  often 
met  by  a  much  greater  dissimilarity  between  the  rates  current  on  the 
two  sides  of  the  Atlantic  ocean,  than  is  the  case  at  the  blast  fiimaoeB. 
Bestricting  the  comparison  at  present  to  prices  paid  for  paddling^ 
in  the  United  Kingdom  and  in  the  United  States,  it  may  be  recol- 
lected that  the  price  per  ton  in  Cleveland  and  Staffordshire  in  1874 
was  lis.  7\A.  In  that  year  I  find  the  following  American  quotationa 
in  my  diary:— 

AVBSAaB  YBOM.  VABIOim  WOBXS. 
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In  1876  the  price  paid  in  America  had  declined  to  18s.  or  198., 
against  9s.  in  Oleveland  including  bonnty^  and  9s.  6d.  in  Staffordshire;^ 
so  that  England  at  that  time  paid  less  than  one-half  of  the  American 
prices.  In  1878  T  have  one  American  quotation  of  13s.  8|d.,  the  price 
with  ns  being  then  about  78.  9d.  The  actual  amount  of  money  earned 
of  course  depends  on  the  quantity  of  work  done.  The  Englishman's 
day's  work,  for  ordinary  iron,  may  consist  of  24  to  27  cwts.,  and  the 
earnings  at  7s.  9d.  per  ton  (1878)  may  be  taken  at  9s.  9d.;  which  is 
divided  probably  into  6s.  6d.  for  the  chief  puddler,  and  8s.  6d.  for  the 
underhand.  In  America  the  quantity  worked  in  a  shift  is  from  22 
to  24  cwtSy  leaving  (1878)  about  15s.  for  the  head  man  and  7s.  6d. 
for  his  assistant. 

In  the  Lehigh  Valley,  in  1880,  the  price  paid  for  puddling  was 
18s.  9d.  per  ton  short  weight.  The  daily  produce  is  25  cwts.  of  puddled 
har,  so  that  the  daily  earnings  for  the  puddler  were  15s.  7^.,  and  for. 
his  underhand  7s.  9^d. 

In  Staffordshire  the  average  for  the  same  year  was  8b.  per  ton  short 
weight.  Allowing  the  produce  to  be  27^  cwts.  the  total  earnings  come 
to  lis.;  giving  about  7s.  to  the  chief  and  4s.  to  the  underhand. 

The  Middlesbrough  rates  in  1880  were  9s.,  including  bounty,  per 
ton  short  weight;  at  which  the  head  puddler  would  earn  7s.  9d.,  and 
the  helper  8s.  6d.  per  day. 

If  we  assume  that  the  best  paid  agricultural  labourers  in  the 
North  of  England  earn  Ss.  per  day,  a  head  puddler  receives  a  trifle 
above  double  the  highest  pay  of  the  farm  servant;  In  like  manner, 
taking  the  average  countryman  in  the  United  States  to  earn  4s.,  the 
chief  puddler  is  paid  nearly  four  times  as  much  as  is  given  for  farm 
labour. 

In  the  United  States  therefore  puddling  costs  more  than  double 
what  it  does  with  us,  and  the  receipts  of  each  man  are  fully  twice  as 
much  as  they  are  in  England. 

Excessive,  comparatively  speaking,  as  are  the  rates  just  referred  to, 

.  they  are  considerably  less  than  has  been  paid  in  inflated  periods  of  the 

iron  trade.    During  these,  as  much  as  80s.  2d.  per  ton  has  been  known 

^  The  English  ton  before  1880  is  one  of  2,400  lbs.,  whereas  I  belioTe  in  the 
American  works  the  ton  of  2,240  lbs.  is  always  nsed  for  pnddlers*  wages. 
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to  be  paid  in  America  for  paddling,  and  I  believe  the  first  attempt  tt 
a  reduction  was  met  by  a  prolonged  strike.  In  the  TTnited  Kingdom 
the  highest  rate  paid  for  puddling  was  abont  14s.,  viz.  in  1873  and 
1874. 

I  have  dwelt  at  some  length  on  the  prices  paid  for  puddling, 
because  there  is  no  better  standard  of  comparison  in  the  manu&cture 
of  malleable  iron  than  the  price  paid  for  this  description  of  work.  lU 
performance  is  usually  independent  of  any  general  convenience  of 
arrangement;  and  the  measure  of  the  amount  of  labour  required  for 
manipulating  different  kinds  of  pig  is,  as  a  rule,  pretty  accuratelj 
determined  by  the  weight  produced  in  a  given  time. 

I  have  endeavoured  to  compare,  with  proper  attention  to  aocnracy, 
the  information  I  obtained  in  the  United  States  (in  1874  and  1876) 
with  what  I  knew  to  be  the  daily  earnings  per  man  of  the  entire  staff 
in  the  puddling  forges,  as  they  are  paid  in  the  United  Kingdom.  Hie 
result  is  that  I  feel  pretty  confident  that  the  cost  to  the  American 
iron-master  was  and  is  something  like  50  per  cent,  above  that  whidi 
is  paid  by  those  of  Oreat  Britain. 

The  same  disparity  between  the  rates  paid  in  Great  Britain  and 
in  the  United  States  exists  in  all  other  branches  of  the  malleable 
iron  worksy  with  perhaps  one  exception,  viz.  plate  rolling;  in  which  I 
believe  the  British  scale  is  higher  than  that  adopted  in  any  part  of  the 
world. 

The  following  figures  show  the  daily  earnings  of  different  classes 
of  workmen  engaged  in  the  malleable  iron  works  of  Great  Britain, 
and  in  some  of  those  on  the  Continent,  placed  alongside  rates  paid 
about  the  year  1878  in  the  United  States : — 

PUDDLING  FORGE. 


Britain. 

• 

Vnaoo. 

Belgiuni. 

rnited  SUtfls. 

Puddlen      

...       7;2 

81 

1 

m 

6/4 

9/7     15/6        - 

Do.      Underhand 

...      3/6 

3  6 

— 

3/6 

4/94     7/9       - 

Shinglen      

...     22  9 

193 

5/3 

14/6    24/2       - 

Paddle  bar  rollers  ... 

...     16  0 

18^6 

6/2 

— 

114    13/2      94 

Roughers     

...       6^0 

61 

— 

— 

—     22/1       — 

Hookers        

...       5/6 

3/9 

— 

— 

—       84       — 

Draggersout 

...             4;6 

4/8 

2/8 

— 

7/74     -       - 
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16/1 

85i 

5/4i 

41/1 

7/5i 

5,lli 

34^ 

— 

20/6 

17/6 

5,9^ 


—  2/6 


FINISHING  MILL. 

Britain.     Fnuioe.    'R*ig«wwi 

Heaters  in  pUte  mill     ...       16/1        8H        7/1^ 

Helpers  to  heaters 

Heaters  for  iron  rails  or  bars 

Helpers  at  do. 

First  Boilers  in  plate  mill 

Second  do. 

Shearmen  in  plate  miU  ... 

Do.  for  rails  and  heavy  bars 

Boaghing  

v^accners  ...        ..■         ..• 

It  will  be  perceived  in  these  figures  that  occasionally  there  are 
•considerable  differences  in  the  earnings  of  the  same  class  of  men.  This 
probably  arises  from  differences  in  the  amount  of  work  done  or  from 
wages  being  generally  lower  in  one  locality  than  in  others. 

For  the  purpose  of  comparing  the  rates  paid  in  the  United  States  over 
a  series  of  years  with  those  given  in  the  table  at  page  52  7^  there  is 
inserted  below  information  respecting  the  prices  paid  for  puddling, 
together  with  the  daily  earnings  of  the  puddlers,  at  a  malleable  iron 
work  in  Pennsylvania. 


United  BUtea. 

15/0      13/6 

— 

9;2t       8;3 

— 

— 

18/9      16/3 

14/7 

9m      7;0J 

7/3} 

— 

37,1         18;li 

250 

35/0 

-               16;9J 

4,7        - 

— 

21/10}  23/1} 

15/0 

— 

15y7i     16,3 

100 

9/4}    11/6} 

— 

PRICE  OF  PUDDLING  AND  DAILY  EARNINGS  OF  PUDDLER 

AND  UNDERHANDS. 

Price  per  Ton  of  8.340  Lbe. 
ATenge  make  261  Owta. 

Arerace  Eamixijn. 
Headman.                      underhand. 

Year. 

Dollars.^ 

Dollars.                            Dollars. 

1870 

600 

500             ...             2-50 

1871 

5-40 

4-50 

2-25 

1872 

6-25 

6-21 

2-60 

1878 

7-00 

5-83 

2-92 

1874 

5-76 

4-80 

2-39 

1875 

5-25 

4-38 

2-18 

1876 

4-25 

3-64 

1*77 

1877 

400 

3*34 

1-66 

1878 

3-60 

300 

1-50 

1879 

360 

3-00 

1-50 

1880 

4-50 

3-75 

1-87 

1881 

4-00 

334 

1-67 

'  The  present  value  of  the  American  dollar  may  be  taken  at  48.  2d.  In  1874 
■and  1876,  when  I  was  in  the  United  States,  the  paper  dollar,  then  the  usual  currency, 
4id  not  stand  above  8s.  9}d. 
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The  highest  price  given  was  in  September,  1872,  when  the  rate 
reached  8  dollars  per  ton;  and  the  lowest  in  1879,  viz.,  3*40  dollats 
per  ton. 

The  following  table  exhibits  the  fluctnations  of  wages  in  tlie 
finishing  mills: — 

AVERAGE  DAILY  EARNINGS  OP  HEATERS,  THEIR  HELPEBS,  AK1> 
CHIEF  ROLLERS,  IN  A  MALLEABLE  IRON  WORK, 

ROLLING  BARS. 


Beaten. 

Helpers  »t  Fiunaoea. 

HeadBoUe 

Year. 

Dolbin. 

DoUan. 

Dollan. 

1870 

6-54 

309 

7-74 

1871 

6-64 

3-09 

7-74 

1872 

6-54 

3-09 

7-74 

1873 

7-82 

3-45 

8-70 

1874 

6-00 

1 

2-82 

6-96 

1875 

6-52 

2-61 

639 

1876 

8-eo 

1-80 

4-20 

1877 

8*24 

1-62 

8-84 

1878 

8-92 

1-92 

4-64 

1879 

3-92 

1-92 

4-64 

1880 

504 

2-62 

6-04 

1881 

4-82 

216 

6-12 

An  average  day's  work  until  January,  1878,  for  a  heater  and 
his  helper,  was  6  tons  (of  2,240  lbs.),  after  which  they  tamed  ont  8  tons. 
The  head  roller  earned  his  money  by  rolling  the  work  of  two  fomaoes,. 
say  12  tons  per  shift  np  to  1878,  and  16  tons  sabsequently. 

Owing  to  a  want  of  exact  information,  I  am  unable  to  qnote  precise 
figures  representing  the  total  difference  between  the  cost  of  labour  in 
the  manufacture  of  malleable  iron  in  European  countries  and  in 
America.  So  far  however  as  my  information  enables  me  to  form  an 
opinion,  I  think,  as  compared  with  England,  that  the  workmen  in  the 
Oerman,  French  and  Belgian  forges  and  mills  together,  may  reodve 
about  10s.  less  on  every  ton  produced  than  is  paid  with  us.  Tn 
America,  on  the  other  hand,  I  am  of  opinion  that  the  wages  in  the 
puddling  and  finishing  mills  may  be  10s.  to  15s.  more  per  ton  than  is 
paid  in  Oreat  Britain. 
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BESSEMER  STEEL. 

From  the  mann&ctnre  of  malleable  iron  I  would  now  pass  on  to 
that  of  steel,  in  which  the  United  States  have  earned  a  position  of  great 
distinction.  The  converters  used  in  the  Bessemer  process  are  usnally 
set  in  pairs,  and,  looking  at  the  work  they  perform,  occupy  but  a  rery 
small  space  of  ground.  The  intense  heat  which  accompanies  the 
operation  leads  to  rapid  destruction  of  the  linings  of  the  yessels, 
particularly  at  the  tuyeres.  Unless  therefore  the  aiTangements  for  re- 
moving the  ingots  are  very  well  disposed,  and  unless  the  repairs  can  also 
be  effected  with  the  utmost  expedition,  serious  interruptions  may  ensue. 
No  one,  I  believe,  has  given  these  important  matters  more  ample  con- 
sideration than  my  friend,  the  late  Mr.  A.  L.  Holley  of  New  York,  and 
no  one  has  been  more  successful  in  the  attainment  of  the  objects 
he  kept  so  constantly  in  view.  The  reward  of  his  intelligence  and 
industry  has  been  the  turn  out  of  a  larger  quantity  of  ingots,  per  pair 
of  converters,  than  that  produced  at  any  Bessemer  work  in  the  United 
Kingdom.  So  far  as  my  information  goes,  few  makers  in  England  have 
approached  within  20  to  80  per  cent,  of  the  quantity  of  work  turned 
out  by  a  pair  of  converters  as  designed  by  Mr.  Holley.  The  number 
of  men  engaged  in  a  given  amount  of  work  does  not  appear  usually 
to  exceed  that  in  England,  but  the  cost  per  ton  for  labour  in  America 
at  the  converters  is  double  that  incurred  in  this  country.  This 
difference  arises  simply  from  the  circumstance  that  in  America 
the  eamiugs  per  man  per  day  are  twice  as  much  as  those  paid  in 
England. 

According  to  a  paragraph  which  appeared  in  the  Scranton  Re- 
publican  of  10th  November,  1888,  the  Steel  Company  of  that  locality 
averaged  from  one  pair  of  converters  fifty-two  blows  per  turn  for  a 
whole  week;  whereas  in  England  half  this  number  is  considered 
good  work.  Between  5  a.m.  and  4*48  P.H.,  on  one  of  the  turns,  as 
many  as  sixty  blows  were  made,  and  from  one  of  the  bottoms  42 
heats  were  obtained.  The  authority  quoted  from  mentions  the  facts 
given  above  as  never  having  been  equalled  since  Bessemer  steel  was 
first  introduced. 

The  same  publication,  in  its  issue  of  December,  1888,  records  the 
production  of  288  tons  (2,240  lbs.)  of  rails  in  the  Lackawanna  Com- 
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pany's  mill  in  one  turn,  and  then  goes  on  to  state  that  in  the  same 
period  (twelve  hours)  the  Scranton  Company,  with  eleven  men  at  die 
rolls,  turned  out  818  tons. 

If  the  week  is  taken  as  oonsisting  of  eleven  tums,  we  have  624 
blows  of  5  tons  each,  or  2,860  tons  from  the  converters  and  3,498 
tons  of  rails  from  the  mill. 

I  am  not  aware  of  any  such  quantity  of  steel  as  that  named  haTinf 
ever  been  made  from  one  pair  of  converters,  but  at  Eston  above  3,700 
tons  of  rails  have  been  rolled  from  one  mill  for  several  oonsecotiTe 
weeks.  As  regards  the  number  of  men  required  to  work  a  heavy  rail 
mill,  the  machinery  referred  to  at  the  close  of  the  last  section,  recently 
erected  at  Barrow,  and  equal  in  power  to  that  at  Eston,  is  served  bj 
eleven  men. 

The  United  States  with  their  120,000  miles  of  railway,  against 
about  one-sixth  of  this  in  the  United  Kingdom,  are  of  oonrse  mncb 
larger  consumers  of  steel  rails  than  we  are.    Including  those  required 
for  exportation,  there  were  manu&ctured  in  Great  Britain  in  1881 
1,023,740  tons,  and  in  1882  1,235,785  tons  of  steel  rails.     In  the 
United  States  there  were  made  in  the  year  1881  1,187,770  gross  tons 
of  2,240  lbs.,  and  1,284,067  gross  tons  in  1882.    This  large  prodnctioii 
has  afforded  the  American  steel-rail  makers  ample  opportunity  of  im- 
proving the  necessary  appliances  used  in  the  manufacture;  and,  as 
has  been  already  admitted,  they  have  not  fiEdled,  so  jGeu:  as  a  large 
output  is  concerned,  to  profit  by  the  opportunities  placed  at  their  dis- 
posal.   I  am  unable  to  refer  to  any  data  containing  the  cost  of  labour 
involved  in  the  production  of  such  large  makes  as  those  above  refeired 
to.     According  to  my  friend  Mr.  E.  Windsor  Richards,  who  has 
himself  visited  the  United  States,  the  great  amount  of  work  per- 
formed in  the  American  mills  is  accompanied  with  a  considerable 
increase  in  the  cost  of  labour  both  at  the  blast  furnaces  and  in  the 
steel  works. 

The  only  information  I  possess  of  the  number  of  men  engaged  in 
rolling  steel  rails  in  America,  refers,  on  the  whole,  to  works  of  some- 
what inferior  capacity  to  our  English  mills,  but  exceeding  in  produc- 
tion those  of  an  average  Oerman  establishment.  In  the  conv^tiDg 
department  I  quote  one  American  mill  making  more  and  the  other 
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less  than  the  English  work  with  which  they  are  compared.  Again 
adopting  England  as  the  standard  of  comparison,  I  have  arrived  at 
the  following  results: — 

CONYBBTBB   WOBE. 

Eiudand  Two  Works  1h 

M  Unity.      Oermany.      United  States. 

A.  B. 

Scale  of  prodaction 100    ...    48     ...     117        65 

Relative  work  perfonned  by  each  man      ...    100    ...    67    ...      61        91 

Average  wages  per  man  of  whole  staff       ...    5/llf  ...    2/8    ...    8/2       7/10 

Rail  Mill. 

Scale  of  prodnctaon 100  ...  53     ...  86  56 

Rdative  work  performed  by  each  man      ...  100  ...  40     ...  59  77 

Averageeamingsper  man  of  whole  staff  ...  5/Of  ...  3  3f   ...  7/0  6/5 i 

As  nearly  as  I  am  able  to  calcnlate  from  the  various  figures  in  my 
notes  the  relative  costs  of  labour  on  a  ton  of  the  produce  is  as  follows: — 


England  taken  n^_..., 
M  Unity.      Gtrmaaij. 

United  Stotec. 

Converting  department    ... 

...             ...       X\M/      ...         oo      ... 

224        144 

RaU  mill     

...     100     ...     133     ... 

234        166 

The  individual  earnings  of  different  classes  of  workmen  in  these 
three  cases,  viz.,  England  for  1883  and  the  other  two  for  1879,^  are  as 
follows : — 

Cupola — 1st  man    ... 
„    — 2nd  „ 
— 3id 


99 


— 1st  cbai^^ 

ff    ^"~«nci     >,  ...  ••«         ••' 

Converters — 1st  man 

}}                  JSTuX    ),  ...  ...             ..' 

mm              oru   „  ...  ...          ..I 

II             nn    }|  ...  ...         ..( 

Heaters — 1st  man 

II      ^*^2nci   II  ...  ...         ..I 

I,      "■  "Orci    ff  ...  ...         .. 

Roller — head 

Rougher    »            ...  •>.  •*• 

^Qi^vuGx           •■•              •••  •■•  ••■ 

*  There  was  little  or  no  difference  in  rates  between  the  two  years. 


England, 
t.     d. 

6    0 

5    0 

Ciennany. 
t.    d. 

...     3     1^ 
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In  each  case  the  daUy  earnings  are  what  was  bein^  paid  as  neaiir 
at  the  same  period  as  my  information  permits,  and  they  all  belong  to 
works  in  which  the  iron  was  remelted  in  cupolas. 

Owing  to  the  rails  being  of  different  sections  in  the  diffierent 
countries,  and  owing  to  the  different  manner  of  keeping  the  acoounts, 
I  can  only  give  what  must  be  regarded  as  a  rough  idea  only  of  the 
relative  cost  for  labour  in  their  manufacture.  The  average  earnings 
of  the  entire  staff  are  fiQly  50  per  cent,  higher  in  America  than  it  is 
in  the  latest  built  works  of  this  country;  and  so  far  as  my  data  enabk 
me  to  judge,  this  difference  expresses  pretty  nearly  the  higher  cfaai^ 
for  workmanship  on  a  ton  of  rails. 

Having  examined  the  numerous  examples  recorded  in  my  memo- 
randa, more  or  less  imperfect  in  different  portions  of  their  details,  and 
having  compared  them  with  those  which  are  complete  in  all  respects, 
I  have  arrived  at  the  conclusion  that  we  are  within  the  mark  in  sayii^ 
that  the  entire  range  of  iron  making,  as  a  whole,  costs  the  American 
community  for  labour  something  like  double  what  it  costs  the  British 
nation.  In  some  instances  this  arises  from  the  price  per  ton  or  the 
daily  wage  actually  paid  being  in  accordance  with  this  difference;  bat 
it  is  equally  certain  that  there  is  another  way  in  which  a  man  may 
improve  his  position,  as  he  will  consider  it,  viz.,  by  insisting  on  addi- 
tional help,  and  by  himself  doing  less  work.  The  effect  is  the  same, 
the  employer  first,  and  the  community  subsequently,  have  to  pay 
for  it. 

In  a  new  country  like  the  United  States,  where  the  labour  market 
is  so  largely  recruited  by  immigration,  we  must  expect  wages  to  be 
higher  than  they  are  in  those  countries  from  which  the  emigrants 
are  drawn.    Land  is  so  cheap  on  the  other  side  of  the  Atlantic  that 
the  farmer  there  can  afford  to  offer  a  considerable  inducement  to 
agricultural  labourers  to  quit  the  land  of  jtheir  birth.     This  induce- 
ment takes  the  form  of  wages  varying  from  20  to  80  per  cent,  above 
the  best  rates  paid  in  the  United  Kingdom.    But  when  the  grower  of 
com  consumes  irdn,  and  has  to  pay  for  the  labour  required  in  mining, 
smelting  and  working  the  metal,  he  does  so  at  double  and  sometimes 
far  more  than  double  the  price  it  commands  among  European  nations. 
Since  my  own  experience  of  the  cost  of  labour  in  the  United  States, 
given  in  the  present  section,  was  printed,  I  have  been  enabled  to 


Lftk*  Snporior. 

State  of  New  York. 

2-66 
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216 

•  *  • 

•  •« 

1-75 

2*02 

•  •  • 

■  •  • 

2-16 

2-66 
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oonBider  the  opimons  of  an  American  anthority  on  the  relative  rates 
of  wages  paid  in  his  own  country  at  the  present  time  and  those 
current  in  Great  Britain.  Mr.  J.  D.  Weeks,  a  name  respectfolly 
-quoted  more  than  once  in  these  pages,  visited  the  Cleveland  district 
in  the  autmnn  of  1883,  and  a  portion  of  the  results  of  his  enquiries 
have  appeared  in  the  columns  of  the  Philadelphia  Press.  Unfor- 
tunately only  two  of  what  is  intended  to  be  a  series  of  articles,  have 
reached  this  country,  but  enough  has  already  been  published  to  show 
that  Mr.  Weeks  confirms  what  I  have  said  on  the  subject. 

I  select  from  the  lists  given  by  Mr.  Weeks  a  few  of  the  rates, 
showing  in  each  case  the  net  earnings  in  dollars  of  the  men  at  iron 
ore  mines  in  Cleveland  and  in  the  United  States. 

Clenreland. 

Deputies       ...    1-084  to  M48  Pit  Boss 

Miners  ...  1*168  

Enginemen    ...     1*041  to  1*213  

Blacksmiths...       *994  to  1*234  

„      Striken  *780  

Joiners  ...  1*148  Carpenter       2*20        173 

The  hours  of  labour  are  seven  in  Cleveland  of  actual  work  at  the 
face  for  the  miners,  and  eight  to  ten  down  the  pit  or  at  bank  for  other 
branches. 

At  the  mines  of  Lake  Superior  all  men  work  ten  hours  per  day. 
The  period  of  labour  is  not  given  at  those  of  New  York  State. 

Comparing  the  mines  of  Cleveland  and  Lake  Superior  Mr.  Weeks 
gives  the  average  earnings  of  all  the  staff  in  the  former  at  90  cents 
against  2*10  dollars  in  the  latter.  I  believe  that  Mr.  Weeks  under- 
states the  average  of  the  English  mines  by  about  1 0  per  cent,  in  his 
tables,  and  it  has  also  to  be  observed  that  the  American  miners  work 
nearly  one-half  longer  hours  than  those  in  Cleveland.  Notwithstanding 
these  differences,  it  is  quite  clear,  from  the  average  earnings  of  all  the 
men  employed,  that,  so  &r  as  the  mines  of  Lake  Superior  are  concerned, 
the  wages  may  be  taken  to  be  double  those  paid  in  Cleveland.  If  Mr. 
Weeks  should  afterwards  maintain  that  wages  generally,  certainly  in 
the  Northern  States  were  higher  than  in  Oreat  Britain,  it  is  nothing 
more  than  has  been  already  admitted  in  this  work. 

Making  proper  allowance  for  the  difference  of  hours  of  labour, 
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Mr.  Weeks  considers  that  the  Lake  Superior  miners  earn  one-half 
more  money  than  do  the  men  in  the  Cleveland  mines.  He  farther  re- 
marks that  the  shorter  hours  in  the  latter  are  ''not  the  result  of  s 
desire  to  promote  the  physical  or  intellectual  well-being  of  the  w<Ht- 
men  who  in  most  cases  would  only  be  too  happy  to  earn  the  extn 
6  or  10  per  cent,  and  work  the  additional  half-hour  or  hour." 

I  believe  however  that  the  period  of  labour  has  been  exclufflTdr 
settled  by  the  Cleveland  miners  themselves  and  that  *^  the  physical  and 
intellectual  well-being"  of  the  men  was  not  more  considered  by  the 
employers  of  the  Lake  Superior  mines,  in  fixing  ten  hours  as  a  day's 
work^  than  it  was  by  the  Cleveland  mine-owners  in  consenting  tioi 
seven  hours'  labour  should  be  so  regarded. 

Mr.  Weeks  mentions  the  fact  that  when  labour  can  be  obtained  in 
the  United  States  at  lower  rates  than  those  current  in  new  and  remote 
districts  like  that  of  Lake  Superior  very  much  lower  prices  are  paid 
than  those  he  quotes.  Mr.  Weeks  illustrates  this  by  a  reference  to  the 
earnings  of  the  mining  class  in  the  Southern  States^  of  which  mention 
will  be  found  in  these  pages.  He  explains  this  by  stating  that  their 
work  does  not  require  the  skill  beyond  that  possessed  by  an  ordinaij 
labourer.  My  own  enquiries  in  the  Southern  States  as  well  as  in  some 
of  the  Northern  led  me  to  conclude  that  in  many  cases  the  same  kmd 
of  labour  was  very  differently  paid  in  different  places,  cheaply  where  it 
could  be  so  produced,  dearer  when  where  it  could  not. 

The  second  of  the  two  articles  referred  to  concludes  as  follows:— 
^'As  we  go  eastward  in  this  country"  (United  States)  ''and  ccxn- 
petition,  or  the  danger  of  competition  with  foreign  products,  becomeB 
sharper  and  more  imminent,  wages  for  the  same  or  similar  work  de- 
crease. •  •  •  •  As  a  rule,  when  an  article  is  produced  in  this 
country  at  the  same  cost  as  in  England  the  rates  of  wages  paid  the 
workmen  producing  it  are  the  same  or  nearly  the  same  as  the  English 
wages,  and  as  the  American  cost  approximates  the  English  so  tfa& 
American  wages  approximate  to  the  English  wages." 

I  am,  from  what  follows,  justified  in  supposing  that  this  language 
is  intended  as  an  argument  for  the  maintainance  of  protective  dnties 
in  the  United  States.  If  this  be  true,  we  cannot  in  this  country  cooh 
plain  of  the  willingness  or  even  the  wish  of  the  consumer  there  to  pay 
the  manufacturer  an  enhanced  rate  for  his  products.    I  think  however 
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that  the  Cleveland  miner  will  repudiate  the  doctrine  laid  down  in  a 
short  leader  of  the  issue  of  the  Philadelphia  Press  containing  one  of 
his   communications  and  to  which  apparently  special  attention  is 
Erected.    Speaking  of  Cleveland  the  editor  observes: — '*It  is  the 
most  wonderful  iron  and  coal  district  in  the  world.    Nature  has  en- 
dowed it  with  untold  riches,  yet  Free  Trade  has  forced  wages  down  to 
:a  point  where  the  workman  is  compelled  to  labour  for  the  common 
necessaries  of  life.    The  truth  is  that  under  Free  Trade  the  masses  in 
England  have  steadily  grown  poorer  and  the  rich  richer." 

As  a  matter  of  fact  the  Cleveland  miners  know  perfectly  well  that 
men  of  their  class  can  earn  nearly  double  the  money  received  by  their 
predecessors  forty  or  fifty  years  ago  in  the  times  of  protective  duties 
in  this  country,  while  at  the  same  time  eveiy  shilling  worked  for  to- 
day can  purchase  moi*e  than  a  shilling  could  do  before  the  repeal  of  the 
Com  Laws.    But  whether  this  be  true  or  not,  our  miners  have  no  wish, 
as  the  language  of  the  newspaper  article  would  suggest,  to  have  the 
necessaries  of  life  enhanced  by  heavy  import  duties.     Indeed  their 
opinions  on  such  a  change  would  probably  not  be  found  to  differ 
materially  from  those  entertained  by  the  agricultural  population  on 
Mr.  Weeks'  side  of  the  Atlantic.    Not  even  the  competition  offered  to 
the  Cleveland  miner  by  his  Belgian  or  Oerman  rival  will  induce  him 
to  alter  his  views  on  this  question.    With  the  knowledge  that  some 
500,000  tons  of  foreign  iron  are  brought  into  this  country,  he  remem- 
bers, that  in  one  shape  or  another,  more  than  one-half  the  pig  iron  made 
in  Great  Britain  is  exported,  where  it  has  to  meet  the  competition 
•of  those  countries  in  which  the  principles  of  Free  Trade  have  not  been 
-adopted,  and  where  wages,  contrary  to  the  doctrine  laid  down  by  the 
•editor  of  the  Philadelphia  Press,  are  very  much  lower  than  they  are 
in  Great  Britain,  notwithstanding  its  Free  Trade  policy. 

I  re&ain  from  quoting  the  circumstance  upon  which  the  opinion 
•of  the  Philadelphia  newspaper  is  grounded,  that  ''a  few  monopolists" 
.(in  Cleveland)  "live  in  princely  splendour  where  the  workman  is 
•compelled  to  labour  for  the  common  necessaries  of  Uie."  It  is  no- 
torious at  the  present  moment  that  the  margin  of  profit  throughout 
Great  Britain  is  a  very  small  one,  and  it  is  equally  trae  that  in  former 
years  of  prosperity  the  ironstone  miners  of  Cleveland  earned  as  high 
A  wage  as  is  paid  in  the  mine  in  the  State  of  New  York  quoted  by 
Mr.  Weeks.  K  K 
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SECTION  XVIIL 


THE  CHIEF  lEON-PEODUOINO  COUNTRIES  COMPARBD, 

In  the  two  sectionB  immediately  preceding,  it  has  been  attempted  to 
shew  that  while  onr  immediate  neighbours  on  the  Continent  of  Europe 
obtain  the  labonr  in  their  mines  and  iron  works  at  considerablj  cheaper 
prices  than  those  current  in  Great  Britain,  the  iron-masters  in  the 
United  States  pay  their  workmen  at  much  higher  rates  than  those 
prerailing  among  ourselves.  The  mere  ascertainment  howerer  of 
wages  in  various  countries  is  only  one  step  in  comparing  the  reaonices 
of  any  one  nation  with  those  of  others.  To  do  this  satisfactoril j  in  the 
iron  trade,  we  have,  in  addition  to  the  cost  of  labour,  to  consider  the 
nature  of  the  natural  deposits  from  which  the  minerals  are  drawn,  the 
facility  and  consequent  economy  with  which  these  raw  materials  are 
extracted,  and  finally  the  position  of  the  markets  in  relation  to  the 
centres  of  production. 

Although  Sweden,  Russia,  and  Austria  are  not  without  a  certain 
degree  of  importance  in  the  manufacture  of  iron,  our  attention  will  be 
confined,  among  European  nations,  to  Oreat  Britain,  Germany,  Bel- 
gium, and  France,  for  they  alone  occupy  conspicuous  positions  as 
exporters  of  the  metal.    Compared  with  its  vast  mineral  resources  the 
United  States  have  up  to  this  time  made  but  little  progress  in  dealing 
with  markets  outside  their  own  limits.     Having  regard  however  to 
the  fact,  that  North  America  has  risen  with  unprecedented  rapidity  to 
the  rank  of  being  the  second  iron-making  nation  in  the  world,  these 
resources  will   demand  careful  considei'ation;  for  upon  their  geo- 
graphical position  and  character  will  depend  the  ability  of  the  United 
States  to  meet  European  nations  in  the  markets  of  the  world. 

Reference  has  already  been  made  to  the  competition  ofiered  by  the 
Continent  of  Europe  to  the  iron  trade  of  Great  Britain.     This  is  pot 
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only  encoaatered  in  neutral  markets,  bat  something  like  812,000  tons 
of  manu&ctared  iron  and  steel  were  actually  imported  into  the  United 
Kingdom  itself  in  the  year  1882,  chiefly  from  Oermany  and  Belgium. 
In  order  to  exhibit  the  nature  of  the  development  of  Germany  as 
an  exporting  nation  the  following  figures  are  given  for  the  seven  years 
ending  with  1882 : — 


BxportofromtheZoUVerein   1876.  1877.  1878.  1878.  1880.  1881.  1882. 

Tom.  Tons.  Tons.  Tons.  Todb.  Tons.  Tona. 
Plff  and  icnp  iron,  paddled 

ban.  uid  steel  ingots..  301.875  980.015  410^231  436,715  314.166  848.0S7  275.084 


Metal    eastings,   malleable 

iron  and  steel     ..        ..315,729  507.046  568,275  562.553  664.012  77a874  776^396 

ICaohinery      40.862  48,871  7M13  63^637  62,137  66^617  83^624 

Totals 668.266  915,032  1,0U,619  1.042,906  1,040l315  1,184,518  1,134.103 


The  exports  from  Great  Britain,  Belgium,  and  France,  for  the 
last  of  these  years,  1882,  were  as  follows : — 


Great  Britain. 
Tons. 

Pig  iron,  puddled  ban,  and  steel  ingots. . .     1,942.582 

Iron  and  steel       2,407,715 

Machinery,  roughly  estimated  from  valaes*      478,50G 


Bdglain. 

Fraaoe. 

Tons. 

Tons. 

24,708 

68,229 

440,129 

86,604 

64,627 

82,908 

Totals 4,828,803        529,464        187,741 


Valoa  of  the  machinery  exported         . .  .£11,962,660  £1,615,675     £977,715 


I  have  endeavoured  to  draw  up  a  statement*  of  the  weight  of  iron 
exported  from  the  United  States,  but  this  from  the  way  in  which  the 
accounts  are  kept  must  only  be  regarded  as  a  very  rough  approxima- 
tion. In  it  I  have,  as  in  the  case  of  Great  Britain,  Belgium,  and 
France,  assumed  £25  per  ton  as  the  value  of  the  exported  machinery. 

1876.  1877.  1878.  1879.  1880.         1881. 

Iron  and  steel  of  all  kinds,  weights 

giveninnettonsof  2,000  Ihs.  15,416    23,559    20,406      9,867      8,416    13,219 

Ma<'.hinery  including  agricultural 
implements,  estimated  weight 
in  tons  of  2,000  lbs 121,506  156,489  137,374  130,018  132,721  160,605 

Net  tons 136,922  180,048  157,780  139,885  141,137  173.821 


*  The  estimates  are  based  on  the  assumption  of  the  average  value  of  the  machinery 
being  £25  per  ton. 

'  Compiled  from  figures  furnished  by  Mr.  J.  S.  Jeans,  Secretary  of  Iron  Trade 
Association. 
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Notwithstanding  the  mere  approximate  character  of  this  estimate 
it  seems  qnite  certain  that  in  spite  of  the  higher  wages  paid  in  the 
United  States,  the  exports  of  that  class  of  goods  in  which  labour  most 
largely  enters  occupies  a  very  prominent  position;  the  amonnt  of 
machinery  being  apparently  larger  than  that  of  the  united  qaantities 
sent  from  Germany,  France,  and  Belgium.  This  speaks  verj  favourably 
either  for  the  labour  saving  machines  employed  in  the  oonstrnctionof 
the  machinery,  or  for  the  superior  excellence  of  the  articles  exported. 
Possibly  both  these  advantages  may  play  a  part  in  securing  for  the 
American  manufacturer  so  large  a  share  of  the  world's  custom  in 
mechanical  appliances.  The  value  of  the  articles  exported  annually 
during  the  six  years  given  above  ranges  from  £3,000,000  to  £4,000,000 
against  perhaps  something  like  £2,500,000  from  Germany,  France, 
and  Belgium. 

The  vast  extent  of  the  exportation  from  Germany  might  reasonably 
lead  to  the  inference  that  in  the  ZoU  Verein  we  had  a  formidable  rival 
in  economy  of  production.      I  am  not  prepared  to  say  that  in  periods 
of  moderate  prosperity  a  considerable  trade  may  not  be  carried  on  by 
the  German  manufacturers,  and  this  in  some  cases  with  a  fair  amount 
of  profit.    When  however  the  article  to  be  supplied  is  steel  rails  taken 
in  large  quantities,  such  as  those  required  by  the  Italian  railways,  at 
the  low  prices  which  often  prevail,  it  was  formerly  impossible  to  avoid 
a  considerable  loss  falling  to  the  share  of  the  Westphalian  and  Belgian 
houses  who  compete  with  the  English  makers.    About  three  years  ago 
the  quotations  for  a  particular  order  were,  from  a  Westphalian  firm 
£5  2s.  6d.,  from  an  English  house  £5  2s.,  and  from  a  Belgian  company 
£5  Is.  6d.,  delivered  at  an  Italian  port.     At  that  period  I  believe  the 
native  pig  iron  used  in  the  manufacture  of  ingots  by  the  three  com- 
petitors was  largely  smelted  from  Spanish  ore.    Practically  the  sea 
transport  was  the  only  charge  between  Bilbao  and  the  works  of  the 
firm  who  sent  the  English  quotation  referred  to.    So  &r  as  ocean 
freight  is  concerned,  England  stands  in  a  somewhat  more  fevourable 
position  than  Rotterdam  or  Antwerp,  at  which  ports  the  ore  is  received 
for  the  Westphalian  and  Belgian  works.    Without  claiming  however 
any  advantage  in  respect  to  this  item,  the  conveyance  of  a  ton  of  ore 
from  Eotterdam  to  Westphalia  costs  about  5s.,  equal  to  about  13s.  on 
every  ton  of  i*ails.    To  this  has  to  be  added  58.  6d.  for  the  t]:Bnqx>rt 
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of  the  rails  for  shipment  at  the  loading  port,  so  that  the  German  maker 
is  thus  placed  at  a  disadvantage  of  nearly  20s.  per  ton  as  compared 
with  his  rival  in  England.  Now  the  total  cost  for  labonr  on  a  ton  of 
rails,  from  the  ore  to  the  finished  article,  is  not  such  as  to  admit,  with 
the  cheaper  labour  referred  to  at  page  573,  of  more  than  a  mere 
fraction  of  this  208.  of  disadvantage  being  recovered. 

Of  course  when  the  steel  rails  produced  in  Germany  have  to  bo 
employed  for  the  convenience  of  the  German  people,  the  German  rail- 
maker  enjoys  considerable  advantages  as  compared  with  his  British 
competitor.  It  will  cost  the  latter  about  12s.  per  ton  to  deliver  his 
rails  at  the  door  of  a  Westphalian  rail  mill,  in  addition  to  which  an 
import  duty  of  25s.  per  ton  has  to  be  paid,  raising  thus  the  additional 
burden  to  be  borne  by  the  English  producer  to  87s.  per  ton. 

The  unprofitable  nature  of  the  export  trade  carried  on  by  Germany 
in  steel  rails  in  times  of  low  prices  may  be  inferred  from  the  action  of 
her  own  manufacturers.  About  the  time  at  which  the  transaction 
referred  to  occurred,  their  government,  moved  by  the  representations  of 
their  inability  to  compete  with  English  houses,  imposed  heavy  duties 
on  all  those  classes  of  raw  and  manufactured  iron  which  for  some  years 
past  had  been  admitted  duty  free.  The  result  of  this  has  been  that  the 
German  consumer  pays  40s.  or  50s.  per  ton  above  the  price  obtained 
by  the  German  rail-makers  in  their  export  trade.  Thus  the  home 
consumer  was  not  only  called  upon  to  pay  the  manufacturer  a  profit 
upon  what  is  required  for  domestic  use,  but  he  has  to  make  good  a  loss 
incurred  in  rails  or  other  articles  for  foreign  countries.  The  duties 
levied  on  iron  and  steel  entering  the  German  Zoll  Yerein  are  as 
follows : — 

Pic  Iron.  BoUfor  Flutes.     1^^*^^'^.       Steel  Ingots.  Sted  Rails. 

10s.  30s.  258.  15s.  258. 

Coal  and  iron  ore  are  imported  duty-free. 

The  charges  of  conveying  ore  to  a  Belgian  ironwork,  and  of 
taking  the  rails  back  to  Antwerp,  are  less  than  to  Westphalia ;  but 
on  the  other  hand  coal  costs  more  in  Belgium  than  in  Germany,  so 
that,  from  this  circumstance,  the  positions  of  the  two  are  probably 
nearly  equalised. 

In  respect  to  the  importations  of  iron  into  Great  Britain  from 
Germany  and  Belgium,  to  which  reference  has  been  made  in  the 
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present  section,  I  am  inclined  to  think  that  the  cost  of  mannfactore 
at  the  works  is  actually  something  under  that  at  w;hich  Engrlish  houses 
with  their  more  highly  paid  labour  can  produce  the  articles  in  qaestioiL 
Admitting  any  difference  arising  from  this  cause  to  be  consideraUy 
less  than  the  cost  of  sending  the  articles  usually  dealt  with  to  a  Britisb 
port,  it  must  yet  be  recollected  that  the  British  manufacturers  do  not 
pay  much  less  than  the  German  or  Belgian  makers  for  transport  from 
their  works  to  the  port  of  reception,  which  is  usually  London. 

So  far  as  skill  in  the  conduct  of  the  various  metallurgic  operations 
themselves  is  concerned,  I  have  never  heard  it  pretended,  and  I  haTe 
failed  to  discover,  any  superiority  in  the  practice  of  foreign  manufac- 
turers over  ourselves.    Mention  has  been  made  in  these  pages  however 
of  the  greater  readiness  displayed  by  foreign  workmen  in  assisting 
to  economise  production  by  the  adoption  of  certain  labour-saving 
machines,  as  compared  with  their  English  rivals.    Mechanical  paddling 
was  given  as  an  instance  of  this.     The  mechanical  drills  for  working 
ironstone  may  serve  as  another.    I  would  not  have  it  inferred  that 
there  has  been  an  actual  refusal  on  the  part  of  the  English  workmen 
to  use  the  means  which  mechanical  inventions  have  offered  to  lighten 
their  labours,  much  less  that  there  was  any  want  of  skill  in  their 
management  or  application.    There  ha*  however  been  a  want'of  that 
ready  co-operation  on  the  part  of  the  men  which  tends  so  much  to 
facilitate  the  development  of  new  processes.     Certainly  in  the  two 
inventions  just  referred  to  this  has  been  the  case.    It  was  evinced 
either  by  an  unwillingness  on  their  part  to  perform  the  work  at  lower 
wages  than  those  paid  for  the  less  expeditious  and  more  laborions 
system  of  hand  labour,  or,  by  not  availing  themselves  of  the  full 
advantages  in  point  of  amount  of  work,  which  the  machines  are  capable 
of  affording. 

The  observations  made  respecting  the  exportation  from  Germany 
of  steel  rails  in  the  year  1879  are  no  longer  fully  applicable  to  the 
transactions  of  the  present  day.  The  works  in  the  Rhenish  pro- 
vinces, although  deficient  in  ores  sufficiently  free  from  phosphorus  for 
Bessemer  steel,  can  be  supplied  on  very  moderate  terms  with  Luxem- 
burg ironstone  or  with  Luxemburg  pig  iron.  The  dearer  ores,  foreign 
and  domestic,  required  for  Bessemer  iron  raised  the  cost  of  the  latter 
about  80s.  per  ton  above  the  less  pure  iron  obtained  from  ores  like 
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that  of  Lnxembnrg.    On  the  other  hand  on  the  banks  of  the  Tees  the 

difference  of  cost  between  the  two  kinds  of  iron  is  not  mnch,  if  indeed 

it  is  anything,  above  one-third  of  the  smn  just  mentioned.    When 

therefore  Mr.  E.  Windsor  Richards  had,  by  his  intelligence  and  per- 

severance^  demonstrated  at  the  works  of  Messrs.  Bolckow,  Yanghan,  and 

Co.^  Limited,  the  practicability  of  freeing  pig  iron  from  its  phosphoms 

by  the  Basic  process,  he  placed  the  Westphalian  makers  in  a  better 

position  to  compete  with  the  works  of  his  own  company  at  Eston  by 

something  like  20s.  per  ton,  than  they  were  prior  to  the  introduction 

of  this  recent  invention.    It  is  of  coarse  this  great  difference  between 

the  cost  of  Bessemer  and  phosphoric  pig  that  has  stimulated  the  more 

general  adoption  of  the  basic  process  in  Germany  as  compared  with 

Great  Britain ;  for  it  is  natural  to  suppose  that  a  difference  of  808. 

per  ton  between  the  two  kinds  of  pig  iron  affords  a  much  better 

opportunity  of  meeting  the  expense  attending  the  basic  process  than 

does  the  10s.  alluded  to  as  constituting  the  margin  between  hematite 

and  phosphoric  pig  in  the  Cleveland  district. 

In  illustration  of  the  different  position  now  occupied  by  the 
Bhenish  provinces,  kiA  compared  with  former  times,  I  copy  a  published 
return  of  the  quotations  for  9,000  tons  of  steel  rails  contracted  for 
towards  the  close  of  1888  to  be  delivered  at  Civita  Yecchia  in  Italy. 
The  names  of  the  firms  who  sent  in  the  tenders  are  given,  but  it  is 
needless  to  reproduce  them  here : — 
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According  to  the  return  famished  to  me^  the  net  price  after  pajinf 
railway  dues,  sea  freight^  insurance,  commission,  and  loss  in  exdiange, 
leaves  £4  lis.  2^.  at  the  works  to  the  English  house  which  quoted 
£5  8s.  Ofd.,  whereas,  according  to  a  newspaper  report,  the  sncoessfo] 
competitor  would  obtain  net  at  the  mill  £4  3s.  8^d.  This  is  lowa^ 
by  7s.  lid.  than  the  figure  quoted  by  the  English  firm,  and  I  doubt 
whether  in  point  of  fact  the  actual  difference  is  not  more  than  thk 
probably  nearer  12s. 

Having  dealt  in  this  somewhat  general  way  with  the  qnestioo 
before  us,  it  is  now  proposed  to  consider  the  relative  costs  of  the 
minerals  employed  in  the  manufacture  of  iron,  the  facilities  witb 
which  they  are  brought  together,  and  how  the  prodnce  has  to  be 
delivered  to  the  consumer. 

There  are  two  ways  of  looking  at  the  price  of  a  mineral  as  it  enteis 
into  the  cost  of  the  metal.    It  may  either  be  calculated  according  to 
the  actual  expense  incurred  in  raising  and  delivering  it  at  the  iron 
works,  or  it  may  be  reckoned  according  to  the  market  price.     Tbe 
latter  is  perhaps  the  more  convenient  way;  firstly,  because   many 
manufacturers,  not  being  mine  owners,  purchase  the  coal  and  ore  ther 
require,  and  secondly,  because  the  market  prices  being  matters  of 
public  notoriety,  use  can  be  made,  in  any  estimates,  of  such  informa- 
tion, without  disclosing  communications  of  a  private  nature  with 
which  I  have  been  confidentially  entrusted.    At  the  same  time  it  wiD 
be  my  endeavour,  during  the  course  of  the  enquiry,  to  show  the 
relative  positions  of  different  localities  by  stating  them  in  the  com- 
parative form  already  adopted  in  these  pages,  and  to  give  such  further 
information,  when  I  am  at  liberty  to  do  so^  as  will  assist  me  in  the 
object  in  view. 

It  should  further  be  remarked  that,  the  manufacture  of  iron  being 
carried  on  under  such  a  variety  of  conditions  in  the  same  country,  the 
cost  of  producing  the  pig  may  vary  by  10s.  to  20s.  or  even  more  per 
ton.  These  differences  must  of  course  always  constitute  a  di£Sculty 
in  settling  the  amount  of  those  protective  measures  which  are  intended 
to  shut  out  all  foreign  competition.  As  an  example  we  may  take  the 
present  condition  of  the  American  iron  trade.  Stimulated  by  high 
prices  and  large  profits  the  powers  of  production  are  now  &r  beyond 
the  necessities  of  the  country.    In  consequence  many  furnaces — aboYe 
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one-half  of  the  whole — which  are  unable  to  compete  with  those  more 
f  aYonrably  situated  have  been  extinguished.^  Has  the  import  duty  to 
be  arranged  for  the  protection  of  the  weaker  portion  ?  If  so,  it  is 
more  than  sufficient  for  the  stronger ;  if  security  is  only  to  be  afforded 
to  the  latter  then  the  former  must  go  to  the  wall. 

To  show  more  exactly  the  extent  of  the  difficulty  referred  to,  I 
have  lately  examined  an  account  issued  by  an  iron-making  firm  in  the 
Soathern  States,  from  which  it  would  appear  that  their  pig  is  costing 
458.  lOd.  per  ton  at  the  works  with  an  immediate  prospect  of  seeing 
it  reduced  to  about  42s.  4d.    In  the  Northern  seats  of  the  iron  trade 
a  blast  furnace  must  be  pretty  well  situated  to  be  able  to  deliver  its 
produce  at  something  like  SOs.  a  ton  above  the  last-mentioned  figure. 
On  my  return  from  the  United  States  in  1874,  in  a  paper  pre- 
pared for  the  Iron  and  Steel  Institute,^  I  mentioned  that  the  then 
"comparatively  undeveloped  resources  of  Tennessee,  Georgia  and 
Alabama  will  prove  a  match  for  any  part  of  the  world  in  the  produc- 
tion of  cheap  iron."    The  language  of  the  report  just  referred  to 
would  indicate  that  some  considerable  advance  has  already  been  made 
in  the  direction  in  question.    Secently  my  attention  has  been  drawn 
to  a  confirmatory  opinion  expressed  by  no  less  an  authority  than 
my  friend  the  Hon.*  Abram  S.  Hewitt,  of  New  York.    Speaking  of 
Alabama  he  says : — "  It  is  in  fact  the  only  place  upon  the  American 
Continent  where  it  is  possible  to  make  iron  in  competition  with  the 
cheap  iron  of  England,  measured,  not  by  the  wages  paid,  but  by  the 
number  of  days*  labour  which  enter  into  its  production.*    In  Alabama 
the  coal  and  the  ore  are  in  many  places  within  half  a  mile  of  each 
other,  and  the  cost  of  the  iron  is  only  about  ten  days  labour  to  the 
ton,  or  not  far  from  the  labour  cost  in  Cleveland.    Throwing  aside 
all  questions  of  tariffs  for  protection,  here  is  a  possibility  upon  the 
American  Continent  of  producing  iron  at  as  low  a  cost  in  labour  as  in 

*  FtTBKACSS   IN  AND   OUT  OF   BLAST   IN  THB  UNITED   STATES. 

In  Blast.  Out.  Total  Peroentace  out  of  blastw 

1881            465  ...  261  ...  716  ...          364 

1882            417  ...  270  ...  687  ...          39*3 

First  6  months,  1883  334  ...  854  ...  688  ...          51*4 

— Report  of  Directors  of  Iron  and  Steel  Works  A3sociation  of  Virn^nia. 

«  Transactions,  1875,  No.  1. 

*  It  remains,  I  apprehend,  to  he  proved  that  Tennessee  and  Georgia  may  not  he 
ahld  to  compete  with  Alabama  in  cheapness  of  production. — I.  L.  B. 
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the  most  favoured  region  in  the  world,  and  allowing  for  the 

of  transportation  to  compete  with  them,  paying  a  higher  average  n^ 

of  wages  than  is  paid  in  Great  Britain."^ 

If  the  statistician,  fifty  or  sixty  years  ago,  had  proposed  to  hioHelf 
the  solution  of  the  problem  contained  in  the  heading  of  the  piesac 
division  of  this  work,  he  would  have  had  to  deal  with  fiactois  of  ^ay 
different  values  to  those  involved  in  its  consideration  at  the  present  dff. 

Selecting  a  railway  bar,  as  the  largest  single  object  of  mannfactDR, 
for  the  purpose  of  examination,  we  have  an  article  one  ton  of  which  is 
Scotland,  anterior  to  the  introduction  of  hot  blast,  wonld  have  consnined, 
for  its  production,  10  to  12  tons  of  coal  in  the  blast  foTDaces,  focge^ 
and  mills.^  Besides  this  wasteful  expenditure  of  fuel,  something  lib 
one-third  of  the  metal  contained  in  the  ore  at  that  time  never  made  is 
appearance  in  the  final  product,  but  was  tipped  over  the  spoil  he^ii 
the  forge  and  mill  cinders. 

In  place  of  this  extravagant  use  of  raw  material,  railwaj  ban  of 
steel  are  now  turned  out  with  a  total  consumption  of  abont  2^  tons  of 
coal,  and  practically  all  the  metal  in  the  ore  is  delivered  to  the  con- 
sumer in  the  rail  he  buys. 

From  what  has  been  advanced  in  these  opening  remarks,  it  e 
obvious  that  the  relative  position  between  two  iron-producing  conntries 
has  been  entirely  altered  by  the  changes  referred  to.  In  the  case  of  a 
nation  having  cheaply  worked  and  favourably  situated  coal,  the  iroo 
manufacturer  there  would  have  formerly  enjoyed  an  advantage  overa 
less  favourably  placed  rival  measured  by  the  difference  of  cost  on  eadi 
ton  of  fuel,  multiplied  by  10  or  12  tons  instead  of  by  2^  tons.  In  like 
manner  a  nation  possessing  cheaper  ore  than  another,  having  regard 
to  the  content  of  iron  in  each,  suffers  somewhat  by  any  economy  in 
the  waste  of  the  metal  it  contains.  Thus  if  4  tons  of  ore  at  IDs.  pe 
ton  were  required  to  produce  1  ton  of  iron  rails,  we  have  40s.  as  Ute 
value  of  the  ore  consumed.  Againsc  this  let  us  assume  the  case  of  an 
ore  of  the  same  richness,  but  costing  only  6s.  per  ton,  and  this  on  4 
tons  gives  24s.  only,  or  an  advantage  of  168.  on  the  ton  of  rails.    Bat 

»  "  The  Hill  Country  of  Alabama,"  1878,  p.  37. 

'  I  think  no  iron  rails  were  at  that  time  made  in  Scotland.  The  estimate  there- 
fore is  based  on  the  consumption  of  coal  in  the  blast  furnaces  to  which  an  addition 
is  made  for  puddUng  and  miU  work. 
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f  the  progress  which  has  been  made  in  the  manufacture  diminishes 
lie  conBiimption  of  ore  to  3  tons  per  ton  of  rails,  this  difference  of  16s. 
vill  be  reduced  to  one  of  12s.  per  ton  on  the  final  product. 

This  more  favourable  position  in  respect  to  the  raw  materials  em- 
ployed in  the  manufacture  of  iron,  as  described  in  the  last  paragraph, 
may  as  a  whole  perhaps  be  claimed  by  Great  Britain;  but  as  a  set  off, 
the    British  iron  masters  labour  under  the  disadvantage  of  dearer 
labour  as  compared  with  their  continental  competitors.    The  alterations 
just  spoken  of  in  the  mode  of  producing  rails  have  on  the  other  hand 
operated  in  favour  of  the  maker  in  our  own  country;  because  the 
amount  of  labour  to  produce  a  given  quantity  of  the  object  in  question 
is  not  one-half  what  it  was  half  a  century  ago.    In  consequence  of 
this  change  any  economy  effected  by  cheaper  labour  on  the  Continent 
has  been  correspondingly  reduced.    It  must  thus  be  admitted  that  the 
puddling  furnace  of  Cort,  Neilson's  discovery  of  the  hot  blast,  the 
Middlesbrough  enlargement  of  the  blast  f  arnace,  Bessemer's  pneumatic 
method  for  making  steel,  and  the  application  of  the  Basic  process 
to  the  Bessemer  converter — all  British  inventions — have  tended  to 
diminish  the  distance  which  separated  this  country  from  Continental 
Europe  in  cheapness  of  production.     On  the  other  hand  it  is  equally 
certain  that  the  economy  effected  by  means  of  the  discoveries  just 
enumerated  has  extended  the  use  of  iron  in  its  various  forms  to  a 
point  which,  under  the  mode  of  manu&cture  pursued  less  than  100 
years  ago,  would  have  been  perfectly  impossible. 

Whatever  historical  interest  a  comparison  of  the  past  and  present 
state  of  the  iron  trade  may  have,  the  question  is  less  important  than 
that  which  connects  itself  with  the  future.  The  extent  to  which  the 
consumption  of  fuel  and  the  waste  of  metal  has  been  reduced  leaves  a 
greatly  diminished  margin  for  further  economy :  indeed,  as  regards 
waste,  the  loss  in  the  manufacture  of  a  steel  rail  may  be  regarded  as 
perfectly  insignificant.  Small  as  is  the  weight  of  fuel  which  enters 
into  the  production  of  steel  rails,  it  maybe  well  to  consider  shortly  the 
prospect  there  is  of  any  notable  reduction  in  the  present  quantity 
employed. 

Beginning  with  the  blast  furnace  I  showed,  in  a  paper  read  before 
the  Iron  and  Steel  Institute,^  that  out  of  22*82  cwts.  of  coke  required 
in  smelting  Cleveland  ironstone  a  quantity  of  heat  was  carried  off 

>  Traneactions,  1688,  No.  1.  p.  ISO. 


588     SECTION  XVni. — CHIEF  IRON-PRODUCINa  OOUNTBIE8  OOMPJ 

in  the  escaping  gases  equivalent  to  2'21  cwts.  per  ton  of  pg 
made,  or  equal  to  9*9  per  cent,  of  the  whole.  This  obeeiratioD 
made  in  connection  with  a  furnace  containing  11^500  cubic  feet: 
I  found  in  the  same  furnace  that  the  loss  upon  another  occasion 
this  cause  was  reduced  to  6*21  per  cent.  By  the  ase  of  a  furnace 
taining  85,018  cubic  feet  at  the  Ormesby  works  of  Messrs.  Code 
I  ascertained  this  loss  in  the  escaping  gases  to  be  7  per  cent,  of 
entire  heat  evolved/  So  far  then  as  loss  from  this  particular 
concerned,  it  may  be  inferred  that  there  seems  little  hope  of 
ment :  indeed  in  Section  Y.,  pp.  74  et  seq.  I  gave  my  reasons  at 
length  for  concluding  that  heat  is  evolved  in  the  upper  portion  of 
furnace,  that  is  in  the  reducing  zone,  by  the  generation  of 
acid,  and  that  this  takes  place  too  near  the  escaping  point  of  the 
to  permit  its  complete  absorption  by  the  descending'  solid  contesa 
the  furnace.  It  is  quite  trae  that  upon  some  occasions  the  ele 
of  temperature  due  to  the  cause  just  referred  to  appears  to  be  al 
but  this,  I  apprehend,  only  happens  when  an  excess  of  moiBtan 
present  in  the  materials,  and  then  an  addition  to  the  fuel  co 
is  required  for  its  evaporation. 

As  I  have  pointed  out,  in  Section  YI.,  all  the  expectations  wl 
were  at  one  time  entertained  of  reducing  the  consumption  of  fuel  bf* 
great  addition  to  the  temperature  of  the  blast  are  not  likely  to  be  ledp 
ized.  These  expectations  were  based  on  the  idea  that  some  appnick 
to  the  saving  which  had  been  effected  by  the  first  addition  of  60(f  ^' 
to  the  air  entering  the  furnace  would  be  realised  by  a  farther  like  it- 
crease  of  temperature. 

Yery  little  consideration  of  the  subject  must  convince  us  of  ^ 
fallacy  involved  in  such  an  opinion.  If  we  assume  the  reqmT&nea^ 
of  a  well  appointed  modern  furnace,  smelting  Cleveland  or  odxr 
analogous  mineral,  to  be  86,000,  or  any  other  number  of,  Centiga^ 
heat-units,  it  is  easy  to  calculate  what  temperature  the  air  must  hif» 
to  supply  this  quantity  of  heat  when  burning  any  given  quantity  of 
carbon. 

The  amount  of  heat  capable  of  being  afforded  by  the  oombQ8^<* 
of  the  coke  in  a  blast  furnace  with  air  at  0°  C.  (82^  P.),  or  indeed  »k 
any  other  temperature,  depends  of  course  on  the  proportion  which  c« 
be  burnt  to  the  state  of  carbonic  acid.    In  practice  however,  as  90f» 

^  Transactions  of  Mechanical  Engineers,  August,  1882,  No.  3,  p.  S06. 
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I  out  of  3*22  units  of  carbon  burnt,  we  have  1  unit  in  the  state  of 
irtonic  acid,  the  reduction  of  the  oxide  of  iron,  as  it  exists  in  Cleve- 
rid  calcined  ore,  is  suspended.  Basing  mj  calculations  on  this  view, 
estimated  the  temperature  the  blast  must  have  to  supply  the  difier- 
loe  to  make  up  the  86,000  calories  given  as  the  total  quantity 
j<juired.  At  pp.  89  fii  seq,  the  reasons  are  given  for  believing  that 
lien  burning  16  cwts.  of  carbon  in  the  manner  just  described  (^1  of 
•  to  00a  and  2*22  to  CO)  the  blast  will  require  to  have  a  temperature 
f  900°  C.  (1,652°  F.).  This  quantity  of  carbon,  with  ash,  moisture 
lid  carbon  absorbed  by  the  iron  means  theoretically^  fully  18  cwts.  of 
oke  per  ton  of  iron  produced  from  an  ore  of  the  Cleveland  type. 
Messrs.  Cochrane  claim  to  have  made  a  ton  of  iron  with  18*7  cwts. 
►f  coke,  and  with  the  blast  at  1,406°  F.  in  a  furnace  of  85,013  cubic 
feet;  but  when  I  was  permitted  to  examine  the  process,  the  con- 
sumption amounted  to  19*69  cwts.,  the  air  being  heated  to  1,507°  F.' 
Notwithstanding  the  low  rates  of  consumption  disclosed,  by  this 
lafit-mentioned  instance,  I  am  not  very  sanguine  of  their  being 
Dciaintained  under  all  circumstances  over  a  long  period  of  time.  Mr. 
Ilawdon,  in  a  paper  read  before  the  Iron  and  Steel  Institute,^  gives 
the  particulars  of  a  furnace  under  his  management  at  Newport^  near 
Middlesbrough,  containing  29,410  cubic  feet.  The  average  tempera- 
ture of  the  blast  over  seven  weeks  was  1,328°  F.,  and  the  coke 
consumed  was  reduced  to  22-3  cwts.  per  ton  of  foundry  iron. 

The  best  return  I  have  from  a  furnace  using  hematite  ore  shows 
with  a  blast  of  1,300°  P.  a  consumption  of  about  20  cwts.  of  coke  per 
ton  of  pig,  which  for  a  rich  material  and  a  consequent  low  production 
of  slag  is  not  an  extraordinary  rate  of  working  when  compared  with 
the  practice  in  Cleveland. 

Neglecting  therefore  exceptional  cases,  and  bearing  in  mind  the 
difficulty  of  maintaining  the  air  at  the  higher  temperatures,  I  am  not 
prepared'  to  give  hopes  that  we  shall  see  the  coke  used  in  smelting 
Cleveland  iron  permanently  reduced  below  21  cwts.,  nor  in  hematite 
iron  below  19  cwts.  per  ton.  Should  this  surmise  turn  out  to  be 
correct,  there  is  evidently  nothing  to  render  it  probable  that  the 

*  Paper  by  Mr.  Charles  Cophrane,  Tran.  Inst.  Mech.  Engineers,  Augnsti  1882, 
No.  3,  p.  279. 

*  Discussion  on  a  paper  by  Mr.  Charles  Cochrane,  Trans.  Inst.  Mech.  Engineers, 
August,  1882,  No.  8,  pp.  307  and  308. 

3  Trans.  Iron  and  Steel  Institute,  1883,  No.  1,  p.  101. 
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present  relations  of  diflferent  nations  can  be  materially  affected  bj  any 
future  changes  in  the  manufisu^ture  of  pig  iron,  so  far  as  the  conBumpfcioD 
of  fuel  is  concerned. 

In  Section  XI.  (p.  815  et  seq.)  the  use  of  raw  coal  in  the  bliet 
furnace  is  considered  as  a  question  of  heat  development.  It  msj  be 
useful  in  a  section  devoted  more  particularly  to  the  economic  aspect  of 
the  subject  to  say  a  few  words  on  this  form  of  combustible. 

The  inconveniences  attached  to  employing  the  fuel  in  the  form  of 
coke,  as  produced  in  the  ordinary  bee-hive  oven,  are  as  followB : — 

a. — The  loss  of  a  portion  of  the  fixed  carbon,  amounting  to  about 
10  per  cent,  of  the  whole. 

b. — The  combustion  of  this  carbon,  together  with  that  of  the  com- 
bustible gases  of  the  coal,  of  which  a  small  portion  only  is 
utilised  in  the  distillation  of  the  volatile  portions  of  the 
fuel. 

c, — The  loss  of  certain  volatile  products,  viz.,  condensable  hydro- 
carbons and  compounds  of  anmionia. 

d. — The  loss  of  interest  on  the  capital  invested  in  coke  ovens  and 
the  wages  and  other  expenses  connected  with  the  process  of 
coking. 

The  fact  that  whenever  the  quality  permitted,  the  coal  is  used 
in  the  raw  state  in  the  blast  furnace,  may  be  accepted  as  a  proof  of 
the  greater  economy  of  this  mode  of  procedure  as  compared  with  using 
it  in  the  form  of  coke. 

According  to  experimental  research,  a  given  weight  of  coal  and 
coke  has  approximately  the  same  value  in  a  heat  producing  point  of 
view,  when  both  are  completely  oxidised.  I  have  had  this  verified  by 
the  duty  performed  by  the  two  kinds  of  fiiel  in  a  locomotive  engine. 
The  experiments  were  extended  over  fourteen  days,  using  the  same 
engine,  and  carrying  the  same  loads  over  the  same  country. 

It  has  been  shown  in  Section  XI.  however  that  matters  are  entirely 
changed  when  raw  coal  is  used  in  the  blast  furnace;  for  it  appears 
(page  818)  that  when  smelting  with  coal  an  ore  somewhat  richer  than 
the  Cleveland,  but  using  the  same  quantity  of  limestone,  22*65  units 
of  fixed  carbon  in  the  coal,  equal  to  about  24*5  of  good  Durham  coke,  . 
are  required  to  smelt  20  units  of  iron. 
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No  doubt  the  loss  of  fixed  carbon,  as  meotioDed  under  a  when 
speaking  of  the  bee-hive  ovens,  is  here  avoided;  but  it  will  be  observed 
(see  page  819),  that  out  of  about  110,000  calories  24,560  calories  are 
absorbed  in  expelling  the  gases.  Against  this  loss  must  be  set  the 
value  of  the  volatile  portion  of  the  coal  which  is  applicable  for  raising 
steam  and  for  many  other  purposes. 

If  however  everything  is  taken  into  account,  there  is  no  doubt,, 
omitting  the  value  of  the  tar  or  other  hydro-carbons  and  the 
ammoniacal  compounds  in  both  cases,  that  the  use  of  raw  coal  is  more 
economical  than  that  of  coke,  obtained  from  coal  charged  at  the  same 
price. 

In  recent  years  however,  as  was  stated  at  page  814,  Messrs.  Baird 
of  the  Gartflherrie  works  have  succeeded  in  condensing  the  ammonia 
and  hydro-carbons.  According  to  a  notice  which  appears  in  the 
Transactions  of  the  Iron  and  Steel  Institute,^  the  net  value  of  these 
compounds,  at  present  prices,  is  equal  to  8s.  2d.  per  ton  of  coal 
employed,  or  about  6s.  on  the  iron  produced.  If  this  be  true,  the 
Scottish  ironmaster  may  be  said«  so  far  as  net  cost  is  concerned,  to  be 
able  to  make  his  iron  without  any  outlay  for  fuel,  t.«.,  so  long  as  the 
bye-products  in  question  can  command,  in  face  of  a  greatly  increased 
production,  their  present  prices. 

So  far,  the  comparison,  economically  speaking,  between  coke  and 
raw  coal  has  been  on  the  supposition  that  the  former  was  produced  in 
the  ordinary  bee-hive  ovens.  In  this  not  only  are  the  bye-products- 
wasted  but  a  large  amount  of  heat  escapes  unutilised  into  the  air. 
This  form  of  oven  however  is  capable  of  some  amelioration.  The  loss 
of  fixed  carbon  (a)  by  careful  attention  may  be  somewhat  reduced  and 
a  portion  of  the  volatile  constituents,  valued  at  about  one  shilling  on 
each  ton  of  coal  employed  in  the  Branoepeth  district,  may  be  partially 
condensed  according  to  an  invention  of  Mr.  Jameson.^ 

A  simple  mode  of  utilising  a  portion  of  the  heat  wasted  Q)  in  the 
ordinary  oven  consists  in  employing  it  for  raising  steam.    This  ha» 

>  1884,  Ko.  2,  page  698. 

'Mr.  Jainc)K)n*8  process  consists  in  aspirating  throngli  suitable  condensers  a 
certain  quantity  of  the  volatile  constituents  of  the  coal.  In  other  respects  the 
operation  of  coking  remains  unaltered,  so  that  a  considerable  proportion  of  the  gases, 
being  burnt  as  lieretof  ore  in  the  oven,  yield  neither  tar  nor  ammonia.  Mr.  Jameson's- 
invention  however  possesses  the  ffrcat  recommendation  of  being,  M*ith  little  change, 
applicable  to  existing  ovens.  Yi  ith  certain  coals  Mr.  Jameson  values  the  products^ 
at  3s.  9d.  per  ton  of  coal  (v.  p.  328  ante). 


592     SECTION  XVIII. — CHIEF  IBON-PRODUCmG  OOUNTBIES  OOICPAKKD. 

been  done  with  perfect  success  at  certain  coIlierieB  in  the  Gountj  of 
Darham,  among  others  at  those  belonging  to  mjown  firm.  iTiclnding 
the  saving  of  wages  formerly  paid  to  firemen  and  the  valae  of  the  coil 
employed  in  raising  steam  the  saving  amounts  to  about  3d.  per  ton  on 
the  whole  output  of  the  colliery.  Mr.  Jameson's  system  is  in  the  ad 
of  being  tried  at  one  of  the  pits  referred  to  and,  if  the  expectations  d 
it  are  realised,  there  will  result  a  total  saving  as  compared  wiUi  &t 
original  form  of  the  bee-hive  oven  of  Is.  8d.  per  ton  of  coal  raised  and 
coked.    This  would  represent  aibout  2s.  on  the  ton  of  iron. 

Many  years  ago  my  firm  erected  several  ovens  in  which  the  oofce 
was  distilled  as  in  a  retort.  The  gases  were  cooled  in  saitaUe 
appliances  and  the  ammonia,  tar,  etc.,  were  thus  condensed.  The 
difficulty  of  maintaining  the  structure  sufficiently  tight  and  the  iben 
value  of  the  products  led  to  the  abandonment  of  the  systeni.  Siiice 
then  some  improvements  in  the  form  of  the  oven  and  the  increased  valiie 
of  tar  and  ammonia  have  induced  my  friends  Sir  J.  W.  Pease  &  Co. 
to  erect  an  experimental  bench  according  to  the  plans  of  MessrL 
Carves  &  Simon,  and  they  are  about  to  construct  a  second  lot. 

According  to  public  rumour  the  condensed  substances  obtained 
from  the  so-called  Simon-Carves  oven  are  worth  about  Ss.  6d.  on  each 
ton  of  coal  treated.  The  extra  yield  of  coke — 75  per  cent,  instead  of 
65  per  cent. — may  be  taken  at  Is.;  making  in  all  4s.  6d.  from  whidi 
something  must  be  deducted  for  expenses  of  working  the  condenaer8> 
etc.  Calling  the  net  value  4:S.  per  ton,  we  have  a  gain  of  aboat  7b.  on 
each  ton  of  pig  iron  manufactured,  with  coke  so  obtained. 

It  has  to  be  observed  however  that  many  trials  have  been  made  in 
the  County  of  Durham  with  ovens  having  for  their  object  a  better 
yield  of  coke  from  the  coal  employed.    As  a  rule,  one  after  another 
these  trials  have  ended  in  failure,  and  the  old  bee-hive  form  has  been 
adopted  in  their  room.    The  cause  of  this  has  been  the  inferior  valae 
of  the  product,  due  as  I  have  supposed  {vide  p.  100)  to  the  less  perfect 
mode  of  carrying  on  the  operation  of  coking.    The  effect  of  this  is 
that  the  coke  is  softer  in  texture,  and  more  susceptible  of  being  acted 
on  by  carbonic  acid  in  the  upjier  region  of  the  furnace.    Whether  the 
same  delect  will  be  perceptible  in  the  coke  obtained  from  English 
coal  made  in  the  Simon-Carv6s  oven  remains  to  be  seen,  but  in 
Franc3  I  heard  no  complaint  on  this  head  of  the  coke  obtained  from     ] 
French  coal. 
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The  olifieiTBtions  jnst  made  on  the  ftiel  employed  in  smelting  iron 
ore  more  or  less  applicable  to  all  districts.  The  extent  of  the  saving 
however,  to  be  effected  on  each  ton  of  iron  will  depend  on  the  nature 
of  the  coal  employed — as  a  role  the  greater  the  amount  of  volatile  matter 
the  ftiel  contains,  the  greater  will  be  the  quantity  of  tar  and  anmionia 
condensed.  All  this  saving  may,  it  is  true,  not  fall  to  the  share  of  the 
iron-masterB;  but  may  be  divided  between  them  and  the  consumers,  by 
a  decline  in  the  market  values  of  coal-tar  and  sulphate  of  ammonia. 

After  what  has  been  said  in  Section  XI.  on  the  action  of  hydrogen 
in  the  blast  furnace,  and  on  the  use  of  the  so-called  water  gas  for 
smelting  iron  (vtde  pp.  330  et  €eq.\  I  need  add  nothing  to  prove  my 
belief  that  no  help  is  to  be  expected  from  that  quarter. 

When  we  come  to  the  conversion  of  pig  iron  into  ingots,  and  of 
ingots  into  rails,  there  is  still  less  probability  of  there  being  any  dis- 
turbing cause  in  the]direction  referred  to  in  connection  with  the  manu- 
fiEU)tnre  of  pig  iron.    There  are  many  mills  in  which  a  ton  of  rails  is 
produced  by  the  use  of  15  cwts.  of  coal,  reckoned  from  the  pig  to  the 
finished  bar.    The  molten  pig  iron  brings  its  own  heat  from  the  blast 
fbrnace ;  and  this,  added  to  that  evolved  by  the  combustion  of  the 
associated  metalloids,  suffices  for  its  conversion.    We  have  then  merely 
to  provide  the  motive  power  and  coal  to  reheat  the  ingots.     Since 
my  short  allusion  to  the  soaking  pits  of  Mr.  Gjers  (Sec.  XIY.,  p.  440) 
this   gentleman  has  furnished  me  with  data  respecting  the  actual 
working  of  this  system  of  preparing  the  ingots  for  the  rolls,  without 
the  use  of  any  fiiel  in  the  mill.    Not  short  of  200,000  tons  of  ingots 
have  been  so  rolled  down  to  blooms  but  by  far  the  greater  part  has 
then  been  reheated  before  going  to  the  finishing  mill.    In  one  case, 
however,  3,000  tons  of  heavy  double-headed  rails  have  been  rolled  with- 
out any  heating  after  leaving  the  ingot  moulds;  and  those  who  have 
adopted  Mr.  Gjers'  invention  express  great  hope  of  being  able,  with 
sufficiently  strong  machinery,  to  make  every  description  of  rail  with- 
out burning  any  coal  for  heating  the  ingots.    If  so,  then  50  cwts. 
of  coal,  the  estimated  quantity  supposed  to  be  required  to  produce 
a  ton  of  rails  from  ore,  will  probably  be  reduced  to  45  cwts.  or  less. 
With  either  quantity  it  seems  very  unlikely  that  any  future  improve- 
ments can  greatly  alter  the  relations  of  iron  producing  countries  as 
they  at  present  exist. 

LL 
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The  quantity  of  limestone  tised  for  a  ton  of  iron,  and  its  loir  pm 
afford  but  a  Bmall  margin  for  economy  so  &r  as  the  mere  valne  of  lis 
mineral  affects  the  question.  In  smelting  Cleveland  ironstone  lO^lft 
12  cwts.,  worth  from  Is.  9d.  to  28.,  suffice  for  the  ton  of  pig.  Ik 
presence  of  carbonate  of  lime  in  the  blast  furnace  is  however  attemM 
with  other  consequences,  which  are  of  almost  as  serious  import  as  ik 
price  itself.  At  page  198  it  was  stated  to  have  been  proved  by  dim 
experiment  that  at  the  temperature  at  which  carbonic  acid  is  expded 
from  limestone,  the  coke  is  attacked  by  the  acid  with  fbrmatioii  d 
carbonic  oxide.  Coke  so  oxidised  of  course  never  reaches  the  tujen& 
and  is  so  much  loss;  a  loss  equal,  when  using  lOj^  cwts.  of  Hmwgtin^ 
per  ton,  to  1*26  cwts.  of  carbon  per  ton  of  iron.  Again,  at  page  126 
it  was  held  that  the  coke  consumed  for  melting  the  slag*  prodaced  per 
ton  of  pig,  amounted  to  5*794  cwts.;  and,  taking  26  owte*  of  slag  to 
be  the  quantity  to  be  fused,  we  have  a  consumption  of  *22  cwt.  of  cote 
per  cwt.  of  slag.  The  lime  in  10^  cwts.  of  limestone  is  5'SS  cwt&, 
requiring  for  its  fusion  in  the  form  of  slag  1*29  cwt.  of  coke.  Tk 
use  therefore  of  10|  cwts.  of  flux  involves  the  expenditore  of  neaii; 
2*55  cwts.  of  coke,  now  worth  at  Middlesbrough  about  la.  6d. 

In  reference  to  any  possible  diminution  in  the  quantity  of  finx,  k 
has  to  be  observed  that  fusion  of  the  earthy  portions  of  the  ore  b 
only  one  of  the  objects  sought  to  be  attained  by  the  addition  of  Iiii»- 
stone.  On  consulting  Berthier's  experiments,^  I  was  led  to  infer  thit 
the  earths,  in  the  proportions  in  which  they  exist  in  Cleveland  stone, 
constituted  a  very  fusible  compound.  A  mixture  was  therefore  wmA» 
of  silica,  alumina,  lime,  and  magnesia,  analagous  in  composition  to  the 
earthy  constituents  of  the  ore  referred  to.  This  at  a  very  moderate 
temperature  i*an  down  into  a  perfectly  vitreous  slag. 

The  attempt,  referred  to  at  page  169,  was  then  made  to  discontinue 
che  use  of  limestone;  but  it  was  found,  as  indeed  was  expected,  that 
blast  furnace  cinder,  in  order  to  free  the  iron  from  sulphur,  must  have 
a  distinctly  basic  composition;  and  to  obtain  this  a  further  addition  of 
lime  was  indispensable. 

The  figures  mentioned  in  reference  to  the  cost  attending  the  me 
of  limestone  show  that  it  is  necessary  to  avoid  employing  a  flax 
containing  any  large  quantity  of  carbonate  of  magnesia;  for  this  eactli 

*  Eflsaii  par  la  Vole  seche. 
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-appears  powerless  in  decomposing  sulphur  compounds.  In  the  Penn- 
-eylvanian  works  a  limestone  is  used  so  rich  in  magnesia  carbonate  that, 
although  the  mixture  of  ores  smelted  contains  more  than  50  per  cent. 
of  iron,  25  cwts.  of  flux  are  consumed  for  each  ton  of  iron,  or  fully 

15  cwts.  more  than  would  be  needed  according  to  the  Middlesbrough 
-standard.    This  at  Middlesbrough  prices  means  an  addition  to  the 

cost  of  a  ton  of  pig  of  2s.  8d.  for  extra  fuel,  added  to  about  2s.  6d.  for 

the  extra  weight  of  limestone  used. 

RAILWAY  DUES. 

When  the  raw  material  weighs  five  or  six  times  as  much  as  the 
marketable  product,  and  where  the  quantities  dealt  with  are  so  lai^e 
-as  in  the  case  of  iron  in  its  various  forms,  the  item  of  transport  occupies 
a  very  important  place  in  the  cost  of  production.  Cleveland  pig  iron 
Jias  been  sold  at  as  low  a  price  as  83s.,  and  out  of  this  it  is 
•calculated  that  about  7s.  6d.  to  8s.,  or  28  per  cent,  of  the  actual  value, 
was  paid  to  the  North-Eastern  Railway  Company. 

Speaking  broadly,  I  take  it  we  may  assume  that  the  mere  act  of 
transport  over  a  great  distance  can  be  more  cheaply  done  by  water 
than  by  any  other  mode  of  conveyance.    A  remarkable  case  in  point 
was  given  me  in  Pittsburg.    Coal  was  being  conveyed  from  the  neigh- 
bourhood of  that  city  to  New  Orleans  (a  distance,  including  sinuosities 
of  the  river,  of  probably  1,500  miles)  for  Is.  per  ton.     This  was 
done  by  loading  barges  sufficient  in  number  to  contain  20,000  tons  of 
coal,  which,  under  the  guidance  of  a  steamer,  were  towed  down  the 
Ohio  and  Missiesipi  to  their  destination.    This  is  a  state  of  things, 
•however,  which  finds  no  parallel  in  any  manufacturing  operation. 
The  quantities  dealt  with  in  the  latter  are  much  smaller  in  amount 
than  that  named,  and  have  to  be  brought  to  different  centres  from 
varioqs  quarters.     Canals  could  rarely  be  constructed  with  economy 
to  convey  coal  or  ironstone  over  the  uneven  country  lying  between  the 
mines  and  the  furnaces;  and  even  with  a  river  like  the  Rhine  it  is 
generally  found  more  economical  to  transport  the  ore  brought  from 
Spain,  or  the  produce  of  the  works  on  its  way  for  shipment,  by  land 
rather  than  by  water.    Such  being  the  case,  the  rates  levied  by  the 
railway  companies  in  different  countries  on  iron  and  on  iron  making 
materials  form  not  an  unimportant  subject  of  enquiry* 
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Fortunately  for  Great  Britain,  the  distances  which  separate  thr 
different  materials  used  in  her  iron  works  are,  necessarilj,  from  thr 
size  of  the  country,  mnch  shorter  than  those  which  interYene  in  tk 
case  of  most  foreign  nations;  while  the  works  themselves  are  stir 
great  distance  from  the  sea-hoard.  In  the  United  States  iron  ore  b 
brought  in  considerable  quantities  from  the  mines  of  the  1^ 
Superior  district  to  Pittsburg — a  distance  of  about  800  miles.  Fitt^ 
burg  in  its  turn  is  about  440  miles  from  New  York.  Railways  ban 
been  constructed  to  connect  tbe  mines  with  the  shipping'  ports  cf 
Marquette  and  Escanaba,  at  distances  which  may  be  approximatelT 
taken  at  25  and  50  miles  respectively.  These  railways  have  beet 
made  exclusively  for  the  accommodation  of  the  mines;  and  lookis? 
at  the  somewhat  uncertain  and  changeable  nature  of  the  traffic,  aie 
perhaps  justified  in  demanding  the  high  rates  charged,  which  wha 
I  visited  the  country  appeared  to  be  about  l*8d.  per  ton  per  mik 
This  is  however  an  exceptionally  high  rate;  and  there  are  othen 
which,  owing  to  the  peculiar  circumstances  of  the  trade,  may  be 
considered  as  exceptionally  low.  Thus  in  Tennessee  (in  1874)  the 
cost  of  bringing  pig  iron  from  the  ftimaces  to  the  foi^  was  given  as 
being  1^  dollars  per  ton  equal  at  the  then  rates  of  exchange  to  '^ 
per  ton  per  mile,  or  *75d.  per  ton  per  mile  in  gold.  The  distance 
between  Chattanooga  and  Chicago  is  about  550  miles,  and  I  vss 
informed  that  on  merchandise  travelling  south  the  charge  for  distances 
above  100  miles  was  2  cents  per  ton  per  mile,  say  Id.;  while  in  the 
opposite  direction  it  was  only  I  cent.  It  was  further  hinted  that,  is 
order  to  promote  the  establishment  of  iron  works,  the  railway  oompanj 
would  prefer  conveying  pig  metal  at  ^  a  cent  per  ton  per  mile  rather 
than  take  the  wagons  back  without  any  load. 

I  have  from  various  sources  compiled  tables  of  the  lutes  charged 
by  railway  companies,  in  difS?rent  iron  making  centres  which  I  imt 
visited  in  the  course  of  my  travels. 

Bailwat  Kates  ik  CLEVELAin). 

So  far  as  the  rolling  stock  and  general  railway  accommodation  are 
concerned,  I  have  seen  no  district  either  in  Europe  or  America 
better  served  than  that  of  Cleveland.  The  wagons  are  all  supplied 
by  the  North-Eastem  Railway  Company  and  are  of  the  best  descrip- 
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-tion,  famished  with  "  bottom  boards,"  so  that  the  cost'  of  unloading 
T>7   the  iron  mannfactarers  is  effected  with  great  expedition  and 
^economy.    The  generally  understood  charge  for  wagons  is  *125d.  per 
ton  per  mile,  but  in  the  rates  quoted  below  this  item  is  included. 

For  the  distances  given  the  rates  on  minerals  and  pig  iron  are 
^ven  underneath  per  ton  per  mile : — 

Milefl la  U.  16.  18w  so.  XL  aOi  4Bl 

Rate  on  minerals ...    110        -97        *95        -88        '86        -88        -78        -74 
„         pig  iron  ...    1*80      1*60      1-53      V4A      1*40      1-86      1*28      1*00 

TThese  are  the  charges  when  No.  8  pig  iron  is  at  45s.  to  46s.  per  ton. 
]For  each  Is,  of  fall  in  price,  an  allowance  is  made  on  the  mineral  rates 
of  I  per  cent,  till  the  price  reaches  86s.,  by  which  time  the  rebate 
.amounts  to  10  per  cent.  On  the  other  hand  a  similar  addition  is 
made  to  the  rates  until  the  price  rises  to  55s.,  when  it  ceases. 

Beckoned  upon  the  average  distances  along  which  the  minerals 
are  carried,  the  dues  received  by  the  railway  company  for  such  service 
Thrill  amount  to*  about  7s.  6d.  to  8s.  per  ton  of  pig  iron,  according  to 
the  value  of  the  latter. 

Railway  Ratbs  nr  South  Walks. 

The  close  proximity  of  the  collieries  to  the  mountain  limestone 
and  to  the  works  enables  the  smelter  to  obtain  his  flux  and  fael  at  a 
«mall  expense  so  far  as  cost  of  transport  is  concerned.  This  and  the 
moderate  distance  in  some  cases  of  the  blast  furnaces  from  the  ports 
at  which  iron  ore  is  discharged^  confer  great  advantages  on  South 
Wales  in  the  manufacture  of  pig  iron.  The  TaflF  Vale  Railway 
Company,  as  a  rule  I  believe,  do  not  supply  wagons  for  the  mineral 
traf&c  on  their  line.  To  cover  this  therefore  *125d.  per  ton  per  mile 
is  added  to  the  rates  charged  which  are  those  paid  by  a  firm  about 
midway  between  Merthyr  and  the  sea. 

MtlflB  a*  ..-  .*  f.  ■■  1a 

d.  d. 

Rate  on  minerals  1-818        ...        -928 

„       pig  iron —  ...        -928 

The  dues  on  the  minerals  for  one  ton  of  pig  to  fomaces  situated  as 
Above  described  including  dock  dues  amount  to  3b,  3d.  to  48. 
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Railway  Rates  ik  the  West  ot  Scotlaitd. 

So  far  as  the  information  I  have  been  able  to  obtain  enables  me  to 
judge,  the  dues  levied  by  the  Scotch  railway  companies  are  15  to  » 
much  as  80  per  cent,  higher  than  those  charged  by  the  Noitb-Easten 
Railway  Company  to  the  Cleveland  iron-masters.      This   howeTrr 
presses  much  less  heavily  on  the  Scotch  smelters  than  it  wonld  on  tbt 
English,  owing  to  the  much  shorter  distances  over  which  the  niinenils 
are  conveyed  to  the  fomaces  in  Scotland.    While  however  in  develand 
many  of  the  works  are  placed  on  a  navigable  river^  involving  only  a 
few  pence  (3d.  to  6d.)  for  shipping,  it  costs  most  of  the  West  d 
Scotland  furnaces  about  2s.  6d.  per  ton  to  reach  the  Clyde.     The 
extent  to  which  ironmaking  materials  are  conveyed  by  railway  vanes 
so  much  that  I  have  preferred  inserting  the  estimated  cost  for  carria^ 
per  ton  of  iron  in  actual  cases  of  which  T  possess  the  particQlaxs.    To 
this  the  charge  for  shipping  at  Glasgow  is  added: — 

■.d.  B,    d.  t.d.  8.d.  a.d. 

Daes  on  mmeraU 42  40  58  89  50 

Carriage  on  pig  to  Qlasgow      26  26  26  26  26 

68         66         19         68  76 

Railway  Ratxs  ik  thb  Midland  CotrKTiBs  of  Enolakd. 

The  Midland  Bailway  Company  does  not  at  present  always  find 
wagons  for  coke  and  ironstone.  The  blast  furnaces  generally  speaking' 
are  situate  either  at  or  near  the  collieries  or  the  ironstone  mines ;  and 
the  distances  to  be  traversed  being  not  inconsiderable  (54  to  84  miles) 
the  rates  are  low,  sometimes  only  ^d.  per  ton  per  mile,  or  induding* 
wagons  say  '626d.  per  ton  per  mile.  On  the  Derbyshire  coal-fidd, 
according  to  my  information,  the  actual  cost  for  carriage  including 
that  on  the  short  distance  for  coal,  will  amount  to  from  Ts.  9d.  Uy 
OS.  Sd.  per  ton  of  pig  iron.  At  or  near  Noithampton  the  chai^ 
for  carriage  is  from  10s.  to  12s.  on  the  ton  of  metal.  The  coal  here 
and  in  Derbyshire  being  generally  used  raw. . 

Railway  Rates  nr  LnrcoLNsnisE. 

For  smelting  thie  Lincolnshire  ironstone  South  Durham  coke  was 
largely  used.  Ooke  obtained  iVom  the  washed  small  coal  of  the  Sontb 
Yorkshire  coal-field  is  also  employed  to  some  extent. 


' 

i 
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The  distance  of  the  South  Durham  pits  from  Frodingham  is  112 
miles,  the  cost  of  carriage  being  about  5s.  9d.  The  South  Yorkshire 
coal-field  and  the  Lincolnshire  iron  ore  district  are  only  about  one- 
third  of  this  distance  apart.  Allowing  a  trifle  for  getting  the  iron- 
stone to  the  furnaces,  6b.  to  7s.  6d.  per  ton  of  iron  probably  represents 
the  dues  paid  for  conveyance  of  minerals. 

Railway  Bates  ik  CtncBESLAin)  and  Laitcashisb. 

An  ordinary  rate  for  conveying  iron  ore  and  limestone  to  the  fur- 
naces is  Is.  6d.  per  ton  from  the  mines  and  quarries,  while  that  paid 
on  the  coke  varies  from  58.  6d.  to  7s.  6d. — the  distances  ranging 
from  60  to  nearly  100  miles.  At  these  prices,  the  carriage  on  the 
minerals  amounts  to  an  average  of  about  10s.  9d.  on  the  ton  of 
pig  iron. 

Railway  Ratbb  in  South  Staffobdshixb. 

In  former  years  the  expense  of  bringing  the  raw  xoaterials  together 
at  the  South  StafTordshire  blast  furnaces  was  very  trifling,  both  fuel 
and  ironstone  being  obtained  &om  the  coal  measures  adjoining  the 
furnaces.  Subsequently  hematite  was  imported  from  Lancashire  or 
Cumberland,  and  black  band  from  North  StafTordshire,  so  that  the 
actual  sum  paid  for  carriage  on  the  iron  would  depend  upon  the 
relative  quantities  of  these  ores  used  in  its  manufacture.  Now  the 
South  Staffordshire  furnaces  receive  considerable  supplies  of  ironstone 
from  Northamptonshire,  distant  about  60  miles.  The  ore  raised  in 
the  district  itself  will  not  furnish  above  one-third  of  the  pig  iron 
made  there,  so  that  probably  7s.  to  12s.  6d.  represents  the  cost  of 
transport  on  each  ton  of  metal  produced. 

Railway  Rates  in  North  Stavpobdbhibx. 

The  position  of  North  Staffordshire  as  an  iron-making  district  is 
one  of  recent  creation.  The  pits  supplying  the  ironstone  and  the  ftiel, 
which  is  used  unooked,  are  in  consequence  still  quite  near  the 
furnaces.  The  coal  basin  is  one  of  limited  area,  and  the  furnaces  I 
was  permitted  to  examine  are  so  situated  that  the  calcined  ironstone 
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18  conveyed  over  distances  varying  fix)m  6  to  9  mOes.  Assnmiiig  four 
tons  to  be  required  for  each  ton  of  pig  iron,  and  to  oosfc  dd.  to  Is. 
for  cacriage,  we  have  8s.  to  4s.  as  the  expense  of  transport. 

Two  new  furnaces  have  recently  been  erected  at  Great  Fenton, 
where  the  cost  of  bringing  tbe  material  together  will,  I  apprehend,  fe 
less  than  the  above-mentioned  sum. 


FOREIGN  RAILWAY  RATES. 


Official  returns  have  been  published  containing  the  railway  charga 
paid  in  France,  Belgium,  Oermany,  and  the  United  States.  Fnn 
these  I  have  copied  the  rates  and  distances  given  below. 


Fbancb. 


The  rates  per  ton  per  mile  are  thus  given  on  different  lines  ^ 


Coil  Mid  Coke. 

Ore  from  Mines. 

Ore  from  Bhipi. 

Pifflxon. 

MQes. 

d. 

Miles. 

d. 

Milei. 

d. 

MUea.         d. 

18 

1-62      .. 

106 

•97 

108 

•64 

66 

•90 

27 

1-52      .. 

.       170 

•70 

109 

•68 

84 

•90 

62 

•90      .. 

.       174 

•59 

109 

•70 

207 

•70 

74 

•70      .. 

.       182 

•59 

127 

•78 

212 

•70 

85 

•70      .. 

.      262 

•59 

150 

•56 

221 

•70 

114 

•90 

443 

•54 

209 

•50 

— 

125 

•90      .. 

— 

• 

— 

^■^^ 

141 

•70 

— 

221 

•62 

— 

147 

•69      .. 

— 

228 

•50 

— 

149 

•90      .. 

,             — 

326 

•44 

— 

206 

•59      .. 

— 

364 

•46 

<-— 

244 

•58      .. 

,             -^~ 

394 

•46 

— 

Bblgiuk. 

/VtA.1   • 

odOoka. 

Ore. 

Pig  Iron. 

* 

VOM  ■ 

Home  Ooomnptlon. 

BzpoitatioD. 

MOfit. 

d. 

MUea. 

d. 

Milee. 

d. 

d. 

19 

ri 

28 

•66 

68 

•93 

•68 

81 

•90 

— 

70 

•88 

•68 

71 

•62 

40 

•55 

72 

•86 

•61 

74 

•60 

59 

•48 

74 

'86 

•ea 

87 

•48 

— 

— 

■~. 
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CMaudOoka.  On.  Plglron. 

d.  MOfit.         d.  HUM.         d. 


Goal  ud  Coke. 
MilM.          d. 

208 

•76 

285 

•49 

846 

•42 

GBBXAinr, 

On 

MOfit. 

d. 

4'- 

209 

18 

1-00 

81 

•87 

45 

•60 

46 

•60 

85 

•52 

86 

•58 

97 

•61 

148 

•46 

XJvTTED  States. 

Oi« 

Miles. 

■ 

d. 

66 

•76 

110 

•676 

151 

-66 

280 

•46 

6  1-5  ...  4        209  —.  8  1-5 

7  1-7           ...           18        1-00           ...             41  -78 
11        1-2           ...           81          -87            ...             88  -59 

206  ^50 

247  -51 

818  -43 

889  -50 

669  -45 


Pig  Iron. 
MUes.  d. 

860  *65 

462  -49 


—  ...  885        -86  ...  — 

Taken  as  a  whole  the  Fi-ench  rates  are  higher  than  those  charged 
in  the  North  of  England.  In  Belginm  the  charges  for  coke  for  short 
distances  are  somewhat  higher^  while  on  long  distances  they  are  lower 
than  with  ns.  There  is  evidently  a  wish  to  promote  an  export  trade 
on  the  part  of  the  Belgian  Bailway  anthorities,  as  is  evidenced  by  a 
difference  in  the  rates:  thus  the  average  charge  on  pig  iron  for  home 
nse  is  '88d.  per  ton  per  mile,  against  -63d.  per  ton  per  mile  for  export. 
The  same  charges  are  levied  on  malleable  as  for  pig  iron  for  home  con- 
sampticn  and  for  exportation.  In  the  United  States  the  rates  suffered 
an  average  reduction  of  53  per  cent,  in  1878  as  compared  with  1868. 

The  charges  per  ton  per  mile  for  conveyance  by  railway  in  the  four 
foreign  countries  are  thus  summarized  in  the  return  now  quoted: — 


Coal  Mid  Coke. 

Iron  Ore. 

a 

T¥lgli^«t 

Lowetk. 

» 

HIghiTtt 

Lowest.    AT«nfle.' 

France   ... 

...     1-52 

•58 

•85 

•97 

•54          -66 

BeJgium ... 

...   ri 

•48 

•73 

•66 

•48          '56 

Qermanj 

...     1^7 

1-20 

1-46 

•60 

•45          ^51 

Do.   Luxemburg   '  — 

— 

— 

•49 

•42          ^46 

United  States 

...       -75 

•42 

•66 

•75 

'96          '66 

*  The  averages  are  not  those  of  the  hifchest  and  lowest  rates,  but  of  the  whole  of 
the  rates  for  each  particular  product  in  their  respective  quantities.   . 
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Iron  for  home  use  is  thus  charged: — 

France      '90  ...  -70  ...  "78 

Belgium "93  ...  '86  ...  -88 

Germany 1*50  ...  "43  ...  -66 

United  States      ...  -56  ...  '49  ...  -70  (sie) 

ROYALTY  DUES. 

The  item  of  railway  charges,  freqaently  amonnting^,  as  we  haJt 
seen,  to  a  large  item  per  ton  of  pig  iron,  is,  when  levied  bj  a 
public  company,  a  source  of  expense  beyond  the  control  of  the  manu- 
facturer. The  same  may  be  said  of  the  royalty  dues,  as  they  aie 
called  in  England,  paid  to  the  land-owner  for  permissioiL  to  work  the 
minerals. 

The  sums  received  by  the  mineral  owners  vary  considerably  in  the 
same  localities,  according  to  the  situation  and  character  of  the  mh^ 
and  the  periods  at  which,  the  leases  were  granted.  For  hematite  and 
calcined  black  band,  2s.  6d.  per  ton  is  about  the  usual  royalty  paid  to 
the  land-owner;  but  in  some  cases,  when  prices  of  iron  and  therefore 
of  ore  were  very  high,  the  sum  paid  by  speculators,  forgetful  of  former 
trade  vicissitudes,  was  fully  three  times  the  amount  just  mentioned. 
Cleveland,  Lincolnshire  and  Northamptonshire  ironstone  being  mndi 
poorer,  and  the  metal  from  these  varieties  of  ore  commanding  a  muA 
lower  price  than  that  from  hematite  or  Scotch  calcined  black  band,  the 
sums  paid  for  permission  to  work  the  former  are  much  lower.  At  the 
present  time  (February  1884)  the  royalty  dues  for  these  descriptioitf 
amount  to  about  9  per  cent,  of  the  seUing  price  of  Cleveland,  sjd 
about  12  per  cent,  of  that  of  Hematite  and  Scotch  pig  iron. 

In  the  United  States,  on  the  other  hand,  vast  tracts  of  mineial 
lands  are  sold,  including  the  surface,  at  from  3s.  to  30s.  per  acre^ 
Practically  therefore  the  actual  purchase  price  for  royalty  of  a  ton  of 
coal,  or  of  ironstone,  is  merely  nominal.  For  reasons,  however,  whidi 
will  be  spoken  of  hereafter,  it  is  only  under  exceptional  circumstances 
that  the  American  pig  iron  meksr  reaps  any  advantage  from  the 
absence  of  a  charge  which  often  presses  pretty  heavily  on  the  Britisl^ 
iron-master. 

• .  • 

At  the  iron  works  of  the  Northern  States,  oife  is  so  scarce  6i»^ 
large  quantities  are  conveyed  from  Lake  Ghamplain  and  Lake  Superior; 
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the  carriage  from  the  former  to  the  ftimaces  near  Philadelphia  cost- 
ing about  14s.  per  ton,  and  that  from  Lake  Superior  to  Pittsburg- 
208.  per  ton.  Under  such  circumstances  the  mineral  owners  near 
the  furnaces  have  no  difficulty  in  realising  a  good  return  on  such  ore 
as  they  may  let  to  the  furnace  owners.  Thus,  for  brown  hematite 
containing  under  35  per  cent,  of  iron,  and  situate  near  the  Lehigh 
furnaces,  50  to  75  cents  royalty  was  being  paid  in  1874;  and  on 
magnetite  containing  66  per  cent,  of  metal  75  cents  were  paid,  under 
an  old  lease,  at  a  mine  near  the  town  of  Dover  in  New  Jersey. 

At  Lake  Ghamplidn  I  heard  of  a  very  productive  mine,  situate 
within  a  short  distance  of  the  Lake,  which  it  was  said  had  been  pur- 
chased  about  the  year  1884  for  4,500  dollars;  but  as  the  produce, 
worked  from  a  solid  vein  of  ore,  was  being  sold  at  prices  from  5^  to 
7^  dollars,  according  to  differences  in  quality,  it  is  easy  to  suppose 
how  different  a  value  would  be  placed  on  it,  in  the  event  of  its  now 
changing  hands.  In  other  words  the  present  owners  were,  and  pro- 
bably are  receiving,  a  very  high  royalty  in  the  shape  of  very  handsome 
profits  as  mine  owners. 

At  Marquette  a  certain  mine  was  described  to  me  as  having  been 
opened  out  on  an  area  of  40  acres  by  three  men  in  comparatively 
humble  circumstances.  The  royalty  originally  agreed  to  be  paid  to 
the  then  owner  of  the  soil  was  stated  to  be  50  cents,  per  ton,  hi? 
predecessor  having  probably  obtained  that  soil  for  a  dollar  an  acre  or 
less.  After  spending  15,000  to  20,000  dollars,  the  concern  was  sold 
to  an  iron  company,  already  possessing  frirnaoes  and  mills,  for  875,000 
dollars. 

The  iron  mountain  at  Cornwall  in  Pennsylvania  is  a  mass  of  ore 
rising  above  the  plain  in  which  it  stands.  The  mineral  is  so  easily 
worked  that  one  man  can,  it  is  said,  fill  10  tons  for  a  day's  work.  A 
railway  company,  I  was  informed,  offered  one  million  pounds  sterling 
for  the  property,  which  was  declined. 

All  this  goes  to  prove  that  whatever  the  original  terms  may  be, 
the  value  of  the  mineral  itself  is  determined  subsequently  by  the 
ordinary  rules  of  supply  and  demand,  coupled  with  any  peculiarities: 
of  a  local  character. 

From  what  has  just  been  advanced,  it  would  appear  that  the 
selling  price  of  ore  in  the  United  States,  at  all  events  in  the  northern 
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division  of  the  Union,  for  some  years  past  has  been  sufficnentiy  bigli 
to  embrace  within  its  amount,  as  compared  ?dth  this  oonntry^  a  Teij 
high  profit  to  the  mine  owners,  as  well  as  a  pretty  high  royalty  lentr- 
a  fact  which  will  be  more  particularly  seen  hereafter.  This  state 
of  things  has  been  brought  about  by  the  condition  of  the  Americas 
iron-trade,  which  it  may  be  convenient  to  consider  at  the  preBeDi 
moment. 

Some  twenty  years  ago  very  large  quantities  of  iron  were  imported 
into  the  United  States,  almost  exclusively  from  Great  Britain.  At 
this  time  the  total  value  of  the  imports  and  exports,  exclusive  of  the 
precious  metals,  from  and  to  the  Union  nearly  balanced  each  other 
in  point  of  value;  for  in  1865  the  former  were  £21,624^125  againA 
£25,170,787.  From  the  year  1865  to  the  end  of  1869  the  average 
annual  freight  on  pig  iron  from  England  to  New  York  varied  frx>m 
20s.  4d.  to  24s.  2d.,  of  itself  a  very  efiective  protective  daty  to  ths 
American  iron-masters.  In  the  year  1870  the  balance  of  trade  had 
already  shown  signs  of  considerable  change,  and  with  it  the  protection 
afforded  by  high  freights  began  to  diminish.  The  following  table, 
compiled  from  the  figures  given  in  the  ^^  Financial  Almanac/'  from 
the  Reports  of  the  American  Iron  and  Steel  Association,  and  from 
information  kindly  supplied  to  me  by  the  Inman  Steam  Navigation 
Company,  is  instructive  on  the  question  before  us: — 

Value  of  Imports  and  Exports  into  and  JVom  the  United  Kingdom  jfrom  and  to 
the  United  State*  exclusive  of  BuUion  and  Specie,  together  with  Rates  of 
Freight  on  Pig  Iron  from  JEnglandy  and  other  particulars, 

1870.    1873.    1878.    1871    1876.    1878.    1877.    187&    1879.     1880.      I8SL 

Import«fhMnU.S.lnthou-    £        £       £        £       £       4^  J6     J^..- «,^  -.      *  * 

■ands  of  poandB  ..       ..  40,804  M.86S  71.471  73^897  69.609  76,889  77.825  8^146  91.818  107.061  VUJB 

Exports  into  U.S.  in  thon- 
Bands  81.306  46.907  36,698  33.S38  26^063  90,063  19.886  17,631  38^818    87.964   X^W 

Vreigbt  ftTerage  on  pig    ..       19/      16/     16/9     6/6       4/9      l^        9/      Vt      i/9        IW         7/ 

Imports  into  U.S.  of  iron 
and  steel  in  thousands 
of  net  tons 946   1.336      717      337      368      238      236      236      883     %U2     1,38 

It  will  thus  be  perceived  that  in  the  year  1876  the  weight  of 
iron  and  steel  imported  into  the  United  States  was  almost  ezactlj  one- 
sixth  of  that  in  1872.  At  the  same  time  the  value  of  all  exports  sent 
out  of  the  United  States  to  the  United  Kingdom  had  increased  about 
40  per  cent.,  while  that  of  merchandise  going  in  the  other  direotioDS 
had  fallen  off  to  the  extent  of  44  per  cent.    This  of  oonrse  meant  a 
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greatly  diminished  weight  of  material  to  be  transpoited  to  America^ 
against  a  great  increase  in  that  coming  from  America  to  this  comitrj. 
Pig  iron  under  such  a  state  of  things  was  considered  as  ballast;  and 
the  British  iron-masters,  instead  of  paying  24s.  2d.  freight  as  they  did 
in  1867,  were  only  charged  Is.  9d.  in  1876.  In  other  words  the 
American  iron-masters  lost  22s.  5d.  per  ton  of  the  natural  protection 
afforded  to  them  by  the  cost  of  transporting  British  pig  iron  to  New 
York. 

A  remarkable  change  took  place  all  over  the  world  in  the  value  of 
iron  of  every  description  in  the  years  1872  and  1873,  influenced  in  a 
great  measure  by  the  altered  selling  prices  of  these  commodities  in 
Great  Britain.^  The  following  figures  will  best  illustrate  the  approzi* 
mate  position  of  the  fluctuations  in  question : — 

1870.        ISa        1871       1873.       1871 
Cleveland  pig  iron.  No.  3,  sold 

at  Middlesbroagh 60/3      64/6      92/-     103/9      74/6 

Scotch  pig  iron,  mixed  nam- 
bers,  at  Glasgow 55/- 

Iron  rails,  f.o.b 130/- 

Steel  raUs,  f.o.b 205/- 

Coke  at  Middlesbrongh        ...  11/- 

Locomotive  coal  at  pits       ...  6/6 

The  United  States  were  unprepared  for  the  sudden  demand  upon 
their  resources^  particularly  in  the  matter  of  iron  ore^  which  require 
time  for  their  development;  and  in  consequence  very  high  prices  ruled 
throughout  the  Union. 

The  producing  powers  in  America,  it  should  be  observed,  had  been 
strained  for  some  time  previous  to  the  period  we  are  considering;  for 
in  the  year  1865  the  make  of  pig  iron  was  less  than  one  million  tons. 
By  1871  the  production  had  risen  to  nearly  two  miUion  tons  and  in 
the  following  year  it  was  close  on  three  million  tons.  The  vast 
mining  district  known  as  that  of  Lake  Superior,  was  only  in  its 
infancy  at  that  time,  so  that  great  difSculty  was  experienced  in 
supplying  the  rapidly  increasing  number  of  furnaces  with  the  ore  they 
required.  The  same  observation  applied  to  coal  and  to  labour;  and 
as  a  natural  consequence  every  item  in  the  cost  of  making  pig,  as  well 
as  other  descriptions  of  iron,  increased  enormously.    The  following 

^  The  bigh  price  of  iron  and  steel  in  Great  Britain  arose  partly  no  donbt  from 
the  great  demand  which  had  sprung  up  in  the  United  States. 


60/- 

98/- 

110/- 

90/. 

135/- 

240/. 

260/. 

200'. 

220/- 

2^/- 

307/. 

233/- 

12/6 

18/-, 

86/. 

28/- 

6/9 

9/6 

14/- 

14/. 
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fibres  will  best  illastrate  the  nature  of  the  change.  Thej  set  fortb 
the  costs  of  pig  iron,  as  copied  by  myself  from  the  books  of  a  6rm 
who  kindly  placed  them  at  my  disposal : — 

Table  thowing  the  make  of  pig  iron  in  the  United  States  and  the  ineretued  eai 
of  production  per  ton  in  one  particular  locality.  > 


isea 

187L 

187^ 

Cost  of  ore  per  ton  of  iron 

...    2-95 

6*84 

...       9^8 

,,     coal          do. 

...    6-46 

..      8-72 

...     11-07 

,,     limestone  do. 

...      -10      . 

•29 

"36 

Wages  per  ton       

...    1-72 

..      2-60 

...       2-75 

Repairs,  general  charges,  &c. 

...    1-47 

2-27 

...       1-86 

$12-70 

$20*72 

$25-22 

The  great  increase  in  the  price  paid  by  the  smelters  for  tbe 
minerals  they  required  led  to  a  corresponding  rise  in  the  value  of 
labour  at  the  mines^  some  particulars  of  which  will  be  reserved  until 
a  later  period.  Of  course,  so  long  as  the  selling  price  of  pig  iron 
remained  at  the  point  which  justified  the  increase  in  the  rates  paid  for 
the  raw  materials,  nobody  complained;  but  unfortunately,  when  the 
demand  slackened,  or  perhaps  more  properly  when  the  make  was 
increased,  prices  fell,  and  yet  the  demand  on  the  collieries  and  mines 
being  still  very  active,  coal,  ore  and  labour  were  paid  for  at  rates 
which  left  good  profits  to  the  mine  owner  and  high  wages  to  the 
labourer,  but  an  actual  loss  to  the  smelter. 

Eveiything  which  tends  to  inflated  prices  has  always  been,  and 
probably  always  will  be  attended  with  the  same  results,  viz.,  the  undue 
attraction  of  fresh  capital,  succeeded  by  ruinous  competition.  Such 
has  been  our  experience  in  Great  Britain,  and  the  same  has  fallen  to 
the  lot  of  the  American  iron-masters;  but  with  the  latter  the  evil  was 
actually  intensified  by  the  impediments  to  natural  and  artificial  foreign 
competition  oflFered  by  high  transport  charges  and  an  import  duty  of 
nearly  80s.  per  ton  on  pig  iron.  It  cannot  be  a  matter  of  astonish- 
ment that  a  competition,  far  more  dangerous  than  that  possible  for 
any  European  nation  to  offer,  was  entered  into  by  domestic  specu- 
lators, when  the  enormous  dividends  paid  by  certain  companies  were 
a  matter  of  sufficient  publicity. 

^  The  increase  of  the  cost  of  pig  iron  is  one  of  which  I  have  the  particolArs,  bat 
the  same  change  in  point  of  character  took  place  in  aU  other  districts. 
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To  pnrsue  the  history  of  the  development  of  the  pig  iron  trade  in 
America,  the  make  fell  from  2,854,558  net  tons  in  1872  to  2,098,236 
net  tons  in  1876,  or  by  nearly  29  per  cent. 

It  was  not  nntil  1879  that  the  production  in  the  United  States 
regained  the  position  it  occupied  in  1872,  the  make  in  the  former 
year  having  reached  3,070,875  tons.    By  this  time  there  had  arisen 
an  extraordinary  demand  in  the  Union  for  iron  required  in  the  con- 
struction of  new  railways,  so  that  not  only  did  the  home  make  rise 
between  1878  and  1882  from  2,577,361  net  tons  to  5,178,122  gross 
tons,  but  the  imports  from  Great  Britain  were  increased  from  159,017 
tons  in  the  former  year  to  1,175,259  tons  in  1881  and  1,211,710 
tons  in  1882.     Freights  at  once  felt  the  influence  brought  about 
by  this  change  of  trade :  as  high  a  rate  as  15s.  was  paid  in  1880, 10s. 
in  1881,  and  lis.  6d.  in  1882,  for  cargoes  from  Liverpool,  while 
17s.  6d.  in  1880  and  15s.  in  1882  were  the  avei*age  charges  from 
Glasgow  to  New  York.    That  these  quotations  did  not  reach  a  still 
higher  point  was,  no  doubt,  due  to  the  enormous  quantities  of  mer- 
chandise brought  from  the  United  States  to  British  ports.    This  for 
-each  of  the  three  years  ending  1881  was  more  than  double  what  it 
was  in  1870,  viz.  above  100  millions  sterling  instead  of  about  49| 
millions. 

Now  it  is  needless  to  say  that  such  rates  of  freight  as  were  paid  on 
pig  iron  in  1877  and  1878,  viz.  3s.  and  2s.  6d.,  involve,  so  iar  as  the 
iictnal  expenses  of  navigation  from  the  British  Isles  to  New  York  are 
•concerned,  a  very  great  loss  to  the  shipowner,  which  loss  is  reimbursed 
by  an  increased  charge  for  transport  on  the  return  cargo. 

To  show  how  this  operates,  I  have  compared  two  years,  viz.  1877, 
when  the  freight  on  pig  iron  averaged  3s.  from  Liverpool  and  Glasgow, 
with  1881,  when  it  was  lis.  6d.  from  the  former  port,  and  9s.  from  the 
latter : — 

Average  Freight  from  New  York  to  Liverpool  for  the  Tears  18f77  and  1881. 

Oiain.  Cotlon.  Cheese.  Baoon. 

Per  Bush.,  60  Lbs.    Per  Lb.  Per  Ton.  Per  Ton. 

1877 6-37d.    ...    '26d.    ...  408. 8d.  ...  SOs.  8d. 

1881 4*28d.    ...    '19d.    ...  28s.  9d.  ...  19s.  7d. 

Decrease  of  1881  com-  Per  Cent.        Per  Cent  Per  Cent  Per  Cent 

pared  with  1877    ...  4A\      ...      40      ...        71^  ...         56 
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These  increased  costs  of  transport  of  course  come  out  of  the  poAit^ 
of  the  agricultural  portion  of  the  population  of  the  ITmted  State 
This  statement  however  does  not  necessarily  involve  the  BnppoB- 
tion  that  under  any  system  of  international  oonuneroe  between  tk 
American  Union  and  the  United  Kingdom,  a  higher  charge  for  taoh 
port  would  not  &11  to  the  lot  of  the  agriculturist,  becanse  witb  our 
enormous  demand  for  food,  so  long  as  that  is  supplied  Jrom  ihs  UnSbd 
States,  the  actual  weight  brought  to  our  shores  will,  in  all  probabOitj, 
greatly  exceed  that  leaving  Great  Britain  for  American  ports.    Bor- 
thened,  however,  as  the  American  &rmer  is  by  heavy  transport  chaige^ 
rendered  still  heavier  by  legislative  enactment,  he  may  snrelj  be  ex- 
pected to  demur  to  having  to  pay  an  import  duty  of  70s.  ICkL  per  ton 
on  steel  rails  supplied  by  his  British  customers,  and  ^5  12s.  per  tm 
on  any  wire  fencing  he  may  require  on  his  farm. 


Returning  now  to  the  question  of  royalty,  a  payment  of  some  hod 
may  in  certain  cases  have  to  be  borne  by  the  constuner,  whetber 
received  by  the  landowner  or  not.    The  value  of  the  mineral  may  be 
raised  by  the  supply  being  insufficient  as  compared  with  the  demand: 
or  in  the  case  of  a  district  like  Cleveland,  whose  mineral  resonroes  are 
practically  unlimited,  mere  geographical  position  in  relation  to  the  fbd 
confers  a  value  upon  certain  districts  not  enjoyed  by  those  more 
remote  from  the  coal-field.    If  two  mine  owners  pay  the  same  royaltj, 
the  difference  of  cost  of  carriage  from  one  furthest  from  tho  point  of 
consumption  may  probably  mean  so  much  more  gain  to  the  better 
placed  mine. 

The  same  observations  which  a  few  pages  back  have  been  made  qd 
the  rise  in  value  of  lands  containing  iron  ore  apply  also  to  thdse  con- 
taining coal.  As  already  stated,  thousands  of  acres  in  comparativelj 
undeveloped  States  of  North  America  can  still  be  purchased  for  what 
may  be  regarded  as  a  nominal  sum.  In  other  localities,  like  the 
anthracite  region  of  Pennsylvania,  as  much  as  60  cents  (2s.  6d.)  is 
paid  as  royalty  on  each  ton  of  this  valuable  fuel.  This  however  maj 
be  considered  as  a  very  high  rate  for  coal,  and  is  confined  to  anthra- 
cite;  for  I  was  informed  in  Pittsburg  that  the  rent  paid  by  mj 
informant  there  on  bituminous  coal  was  only  6d.  per  ton. 
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Notwithstanding  the  difficulty  of  assigning  a  correct  position  to 
lihe  royalty  rents,  in  a  general  estimate  of  the  cost  of  iron,  it  may 
be  interesting,  having  partly  dealt  with  the  question  in  reference  to 
Oreat  Britain  and  the  United  States,  to  record  in  the  present  place 
the  payments  under  this  head  in  the  three  iron-producing  countries 
on  the  Continent  of  Europe. 

ROYALTIES  PAID  IN  FRANCE. 

All  ironstone,  save  that  belonging  to  alluvial  deposits,  which  latter 
tiTe  of  insignificant  importance,  and  all  coal,  became  under  the  law  of 
1810  the  property  of  the  State. 

Concessions  to  applicants  are  granted  and  worked  on  payment  of  a 
iixed  rent  of  10  francs — say  88. — ^per  square  kilometre,  about  245 
^u^res.  In  addition  to  this  small  payment  an  impost  is  paid,  which 
does  not  exceed  5  per  cent,  on  the  profits.  If  then  the  latter  amounted 
to  as  much  as  2s.  per  ton,  the  entire  sum  paid  by  the  mine  owner 
Tvould  be  below  l^d.  per  ton  of  coal  and  ore. 

ROYALTIES  IN  BELGIUM. 

In  the  case  of  iron  ores  an  opposite  course  to  that  pursued  in 
Prance  seems  to  have  been  adopted  in  Belgium ;  for  in  1830  property 
in  such  ores  was  transferred  from  the  State  to  the  owners  of  the  soil. 
By  the  proprietor  leases  are  granted,  on  payment  of  royalties  varying 
from  4|d.  to  28.  ('50  to  2-60  francs)  per  ton. 

Coal  remains  the  property  of  the  State.  Leases  are  granted  on  a 
yearly  payment  of  10  centimes  (less  than  Id.)  per  hectare  (2  acres  1 
rood  37  poles)  together  with  2^  per  cent,  on  the  net  annual  profit.  If 
this  amount  to  2s.  per  ton,  the  royalty  would  be  less  than  |d.  per  ton. 

ROYALTIES  IN  GERMANY. 

Coal  and  iron  ore  are  vested  in  the  State.  The  royalty  paid  on 
the  former  by  the  colliery  owner  is  2  per  cent,  on  the  profits.  Hence 
if  the  selling  price  is  6s.  per  ton  the  royalty  would  probably  be  less 
than  Ijd.    Iron  ore  pays  no  royalty. 

According  to  the  information  obtained  in  the  three  countries  just 
named,  damage  done  to  the  surface  in  working  the  minerals  is  made 
good  by  a  payment  to  the  landowner. 

KM 
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The  charge  upon  one  ton  of  pig  iron  for  royalty  on  ore  and  oo&Lk 
the  four  European  nations  just  described,  is  ronghly  as  foDows  ^— 

Oreftt  Britain. 

Germany.  France. 


OlereUnd.    Scotland.     Cumberland. 
8s.  8d.  68.  6s.  Sd.        ...        6cL        ...        8d.  ...     ls.Sd.1»4& 


Having  thus  dealt  at  some  length  with  qaestiona  of  a 
general  character,  it  is  now  intended  to  treat  the  sabject  of  the  pxesot 
section  in  its  more  direct  application  to  the  fonr  ooantries  uak 
consideration.  The  seats  of  the  iron  trade  of  most  nations  are  too 
numerous  to  permit  their  all  being  examined :  indeed  for  the  object! 
have  in  view  this  is  not  necessary.  In  some  districts  the  manuftctaii 
of  the  metal,  though  expensive,  may  be  carried  on  profitably  for  p^ 
poses  of  local  consumption,  because  the  transport  charges  from  pbos 
of  cheaper  production  may  more  than  cover  the  difference  of  cost.  A 
description  of  works  embraced  in  this  latter  division  wonid  gieatlf 
exceed  the  limits  laid  down  for  my  guidance ;  and  I  shall  therefixe 
content  myself  with  references  to  those  localities  whose  f  adlitieB  for 
the  manufacture  of  iron  are  most  typical  of  the  fonr  conntries,  or 
where  the  advantages  they  possess  entitle  them  to  be  considered  moR 
or  less  firom  an  international  point  of  view. 

In  pursuance  of  this  object,  it  is  proposed  to  give  some  figmes 
showing  the  comparative  prices  and  values  of  the  minerals  nsed  in  ^ 
manufacture  of  pig  iron.  The  crude  metal  itself  is  selected  as  tlie 
means  of  illustration,  because  upon  its.  cheap  production  the  positioi 
of  a  district  or  nation  is  mainly  dependent. 

COXL. 
Great  Bbitain. 

Middleshrovgh. — The  coal  which  is  employed  to  smelt  the  ironstone 

got  from  the  Cleveland  hills  is  conveyed  over  distances  of  20  to  dO 

miles,  chiefly  from  the  pits  of  South  Durham.    Much  of  it  is  obtained 

from  shafts  having  a  depth  of  100  fathoms  or  less,  and  the  measmes 

are  not,  as  a  rule,  much  troubled  with  serious  dislocations  or  wift 

water.    Two  seams,  the  "Brockwell"  and  the  "Busty/*  are  practicaDj 

all  from  which  fully  6^  millions  tons  of  coal  are  thus  annually  wrougU 

for  the  use  of  the  Cleveland  smelters;  and  as  the  former  is  known  to 

be  the  lowest  of  the  beds  in  this  North-Eastem  district,  no  fatore  d»- 

covery  can  add  to  their  number.     From  information  I  have  receiTed, 
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I  oondade  that^  with  the  exception  of  Scotland  and  some  few  instances 
in  South  Yorkshire  and  Lancashire,  the  present  average  cost  of  raising 
a  ton  of  coal  in  the  County  of  Durham  is  as  low  as  it  is  in  any  part 
of  the  United  Kingdom.  In  the  important  question  of  purity  the 
Brockwell  seam  will,  as  a  whole,  bear  comparison  with  the  coal  of  any 
part  of  the  world.  On  the  other  hand  the  Busty  seam,  at  all  events 
in  the  Southern  division,  not  only  contains  more  sulphur,  but  its 
earthy  constituents  are  occasionally  so  large  in  quantity  as  to  require 
the  coal  to  be  crushed  and  washed. 

The  following  analyses  exhibit  the  composition  of  these  two  beds^ 
worked  in  the  Brancepeth  district  of  South  Durham : — 


C&rbon...        ... 

Brookwell. 
1.                      2. 

81-47            80*45 

1. 
8103 

BOBtj. 

7911 

Hydrogen       

4-67 

4-29 

4-59 

4-49 

Oxygen    and  nitrogen 

6-45 

9-55 

7-46 

8-67 

Snlplinr 

1-22 

1-22 

1-30 

1-29 

vv Biiiei  ...         ■.«         ... 

1-23 

110 

•70 

1-01 

Anil            •••               '■.                ... 

5*61 

8-84 

5-40 

5-91 

100-45 

100-46 

100-48 

10O48 

Of  the  carlwn  the  qnan- 
tity  in  the  fixed  state  is  ) 

72-89 

71-90 

70-17 

66-32 

YolatUe  ahove  212°  F. 

20-84 

23-40 

28-73 

26-76 

„       below  212**  F. 

1-28 

1-10 

-70 

1-01 

By  computation  based  on  the  foregoing  analyses,  the  coke  made 
from  the  Brockwell  ought  to  contain  somewhat  less  ash  and  sulphur 
than  that  obtained  from  the  Busty  seam.  As  a  matter  of  fact  this  is 
80,  but  the  inferiority  of  quality  of  the  coke  so  obtained  fix)m  the  two 
seams  in  the  Brancepeth  district,  is  greater  than  the  difference  of  ash 
and  snlphur  would  appear  to  indicate.  This  I  conceive  to  be  due  to 
the  less  compact  nature  of  the  coke  made  from  the  Busty,  permitting 
its  reaction  on  the  carbonic  acid  present  in  the  furnace  in  the  manner 
ab-eady  referred  to  in  these  pages.  Generally  speaking,  the  produce 
of  the  two  beds  is  mixed  for  the  coke  ovens;  and  the  average  con- 
position  of  two  samples  so  made,  as  received  at  the  Clarence  works 
during  one  month,  was  as  follows : — 

No.  1.  So.  % 

Ash 6-48  6-72 

Snlphnr         -95  -97 

l£oistnre       ...        ...        ...        ...  *30  '28 
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The  fuel  used  in  the  Cleveland  ftimaoes  is  invariablj  in  the 
of  coke,  and  the  average  cost  of  conveying  it  from  the  pits  to  the 
is  a  little  above  Ss.  per  ton. 

The  following  are  the  average  selling  prices  of  coke  ddivered 
Middlesbrough,  as  furnished  me  by  an  eminent  house  in  the  trade.— I 


1870. 

1871. 

1871 

1873. 

1871 

1875w 

U78. 

a     d. 

8.     d. 

1.     d. 

1.     d. 

a.     d. 

m.      d. 

■.     d. 

11     0 

12     6 

18    0 

86    0 

28    0 

17     6 

14    0 

1877. 

1878. 

1879. 

1880. 

1881. 

1883. 

lani 

s.     d. 

8.     d. 

1.     d. 

B.     d. 

ft.     d. 

m.      d. 

B.       d. 

13    2 

12     7 

11     6 

12    7 

11    8 

12     3 

12    4 

The  selling  prices  of  best  screened  steam  coal    at  the  pitgi 
Northumberland  were  as  follows  : — 


1870. 

1871. 

1872. 

1873. 

1874. 

un. 

IgTl 

B.     d. 

8.     d. 

1.      d. 

B.     d. 

8.     d. 

8.      d. 

a.     d. 

6    3 

6    6 

9    6 

14     1^ 

14     H 

11     0 

9    9 

1877. 

187S. 

1879. 

1880. 

1881. 

188S. 

I8S1 

s.     d. 

■.     d. 

B.      d. 

B.     d. 

8.     d. 

8.       d. 

a.     d. 

8  lOj 

7     7J 

6    H 

6    9 

6     9 

7    IJ 

7    S 

Coal  in  Scotland. — The  ironworks  in  the  neighbonrhood  d 
Olasgow  are  perhaps  exceptionally  favoured  in  the  cost  and  qualitf 
of  the  celebrated  "splint"  of  the  coal-field  in  which  they  are  located. 
The  pits  are  of  a  moderate  depth,  the  water  is  not  excemn  k 
quantity,  their  produce  is  cheaply  wrought,  and  the  quality  is  all  that 
could  be  desired  for  the  blast  furnace.  The  following  analysis  show 
the  composition  of  an  average  sample  of  this  splint,  bronght  fiaa 
one  of  the  leading  works  in  Lanarkshire,  as  determined  in  tte 
€larence  laboratory : — 

Carbon       66*00 


Hydrogen 

Oxygen  and  nitrogen 

Sulphur      

Water         

^Lsn  •»•         •.•         ... 


Fixed  carbon 
Volatile  above  212**  P. 
below  212**  P. 


}i 


434 

12-03 

•59 

11-63 

5*42 

lOOOO 

53*41 
28*90 
11*62 
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The  folIowiDg  analysis  made  in  Glasgow  of  coal  nsed  in  another 
Scotch  iionwork  shows  the  fixed  carbon  as  nnder : — 


Volatile. — Gas,  tar,  Ac 

•  •  • 

•  •  • 

8417 

Sulphur 

■  ■  • 

•  •  ■ 

-32 

Water  expelled  at  212°  F. 

•  •• 

■  •  • 

6-82 

41-31 

Non-Tolatile. — Fixed  carbon 

•  •  • 

•  ■  • 

6514 

Sulphur  left  in  coke 

•  ■  • 

•  •  • 

•38 

Ash               „ 

•  •  • 

•  •  • 

817 

58-69 

10000 

As  a  source  of  heat  development  this  splint  coal  is  greatly  inferior 
to  the  Brancepeth  ooals^  as  described  page  611.  This  will  appear  ^m 
the  following  estimate,  containing  the  respective  values  of  the  two 
coals  in  centigrade  calories : — ^ 


BrockiralL 
No.  1.                No.  2. 

Boftj. 
No.  1.              No.  1 

Sootoh  Sidini. 

C  to  CO,      

6,518 

6,436 

6,482 

6,329 

5,280 

HtoH.O 

1,554 
8,072 

1,459 
7,895 

1,560 
8,042 

1,527 
7,856 

1,476 

Total  developed.. 

6,756 

Heat  absorbed — 

Expulsion  of  H,0 

6 

6 

4 

5 

63 

„            hydro- 

oarboDs,  &c. 

417 

490 

475 

535 

578 

. 

423 

496 

479 

540 

641 

Actual  development.         7,649  7,399  7,563  7,316  6,115 


Taking  the  mean  of  the  four  Durham  coals,  viz.  7,481  calories,  it 
wonld  appear  that  they  possess  a  higher  heating  power  by  22  per 
oent.  than  the  Scotch  splint. 

So  far  as  the  mere  composition  of  the  above-mentioned  specimens 
of  coal  is  concerned,  it  might  be  inferred  that  the  four  from  Dnrham 
would  be  preferred  to  the  Scotch  splint  for  use  as  raw  coal  in  the  blast 
fnrnaoe.    The  average  content  of  fixed  carbon  in  the  former  is  70*32 

s   The  factors  used  in  these  calculations  are : — 

Heat  evolved  by  carbon  burnt  to  carbonic  acid  ...      8,000  caL 

Do.        by  hydrogen  burnt  to  water       84^000   „ 

Heat  absorbed  by  expulsion  of  hydro-carbons,  &c,  in- 
cluding deficiency  in  heat  development  of  C  and  H 
through  combined  O   ...        ...        ...        ...        ...      2,000   „ 
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per  cent.,  against  53*41  in  the  Scotch,  bo  that  the  Durham  oal 
contain  close  on  32  per  cent,  more  than  that-  from  the  Ajnhis 
pit.  However,  owing  to  its  bitnnunous  nature  the  English  coal  irnsi 
make  the  contents  of  the  furnace  cohere  together ;  the  materials  im^ 
thus  be  caused  to  descend  by  sUps,  and  so  prevent  the  aniform  paase 
of  the  gases  through  the  materials.  On  the  other  hand  lumps  of  tk 
Scotch  splint  coal  ignite  and  bum  apparently  without  any  adhesioo^ 
one  piece  to  its  neighbour.  Dry  burning  as  this  coal  seeras  to  it 
when  it  is  pounded  and  exposed  to  heat  in  a  crucible,  the  mass  mm 
and  forms  a  tolerably  compact  piece  of  coke.  To  some  extent  tis 
process  of  agglomeration  happens  in  the  blast  furnace,  for  in  Scoxhd 
there  is  more  hanging  of  the  materials  than  where  ooke  is  emplo^ 
To  such  an  extent  does  this  occur  that  the  lofty  fnmaces  innsei^ 
Middlesbrough  have  been  found  impracticable,  particularly  with  thos 
mixed  qualities  of  coal  which  iron-masters,  for  want  of  the  bes 
splint,  are  now  obliged  to  employ.  Where  large  furnaces  are  sdilii 
blast,  they  are,  as  was  stated  page  316,  not  kept  filled  to  the  top.  N(f 
does  it  indeed  appear  from  later  experience,  that  much  is  to  be  gaioed 
from  any  great  addition  beyond  a  height  of  51  feet ;  for  it  will  be 
observed  that  the  average  temperature  of  the  escaping  gases  (rufepi 
316)  is,  in  both  the  cases  given,  under  400°  P.  This  cooling  elfecfc 
on  the  gases  is  doubtless  due  to  the  gasification  of  the  hydro-carboes 
and  water  contained  in  the  raw  coaL  It  is  true  that  the  low  ratios  of 
carbon  as  carbonic  acid  to  that  as  carbonic  oxide  (1  to  5'28  and  1  to 
5*32,  as  stated  in  page  317,  instead  of  1  to  2*32  or  thereabouts,  as  in  a 
coke  fomace),  would  suggest  that  the  reducing  gases  are  not  kept  long 
enough  in  contact  with  the  oxide  of  iron.  It  must  moreover  be  borne 
in  mind  that  the  low  temperature  of  these  gases  is  inconsistent  widi 
rapid  action  on  the  ore. 

The  difference  in  the  richness  of  the  ores  used  in  Cleveland  and 
Scotland  is  sudi  that  the  slag  from  the  furnaces  of  the  former  require^ 
from  its  larger  weight,  one-half  more  heat  for  its  fusion  than  that  from 
those  of  the  latter  (15,356  cal.  against  10,054  cal. — v.  pp.  126  and 
819).  Eoughly  this  difference  may  be  regarded  as  equivalent  to 
1  cwt.  of  carbon  per  ton  of  metal  produced.  Notwithstanding  tins 
difference  in  favour  of  the  Scotch  furnace,  and  notwithstanding  tbat 
'54  cwt.  of  hydrogen  appears  to  be  oxidised  in  its  gases  (v.  p.  320)i. 
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^et,  in  the  case  giyen  p.  818^  22*65  cwts.  of  fixed  carbon  accompanied 
^th  5' 34  cwts.  of  volatile  carbon  were  consumed  per  ton  of  No.  1 
iron.  If  we  assume  2d  cwts.  of  coke  as  being  required  for  this  quality 
af  Cleveland  pig,  we  have  about  21*40  cwts.  of  carbon  to  produce  one 
ton  of  the  metal. 

In  the  matter  of  economy  of  money,  as  will  hereafter  appear,  the 
Scotch  smelters  enjoy  a  marked  advantage  over  those  of  Cleveland. 
In  the  meantime  it  may  be  observed  that,  owing  to  the  waste  of  fixed 
carbon  in  the  coking  process,  a  larger  quantity  of  this  constituent  is 
consumed  per  ton  of  iron  in  Cleveland,  than  in  a  Scotch  fumsCce 
using  splint  coal  of  the  composition  formerly  given. 

Cirta. 
28  cwts.  of  coke  is  assumed  as  the  weight  required  to  produce 

one  ton  of  Cleveland  No.  1  pig  iron.    Raw  coal  reckoned 

to  yield  only  65  per  cent,  of  coke,  although,  including  ash, 

it  contains  more  than  75  per  cent.,  gives      »     35*38 


Suppose  the  average  percentage  of  fixed  carbon  in  South  Durham 

coal  to  be  71,  then  85*38  cwts.  will  contain  of  fixed  carbon. . .  25*11 

The  weight  of  raw  coal  used  in  t}^e  Scotch  furnace,  burthened 
to  produce  one  ton  of  No.  1  pig,  was  42*31  cwts.,  containing 
58*41  per  cent,  of  fixed  carbon,  equal  therefore  to  fixed  carbon  22*60 


Excess  of  fixed  carbon  consumed  in  the  Cleveland  furnace       ...  2*51 


It  has  to  be  remembered  however,  that  in  smelting  Cleveland  iron 
there  is  a  larger  weight  of  slag  to  be  melted  than  in  the  Scotch  fturnaoe 
above  referred  to.  In  one  case  the  additional  heat  absorbed  for  this 
cause  alone  was  6,648  calories,  viz.,  the  difference  between  16,702 
calories  and  10,054  calories. 

Now  at  page  244  it  was  shown  that  with  the  blast  heated  to 
1,045°  P.  each  unit  of  coke  evolved,  in  a  furnace  80  feet  high,  8,785 
calories,  or  say  4,000  for  each  unit  of  pure  carbon.    From  this  we  have 

7^  or  1'662  cwts.  of  fixed  carbon  for  fusing  the  additional  slag 

generated  in  the  furnace  smelting  Cleveland  stone.    This  reduces  the 
apparent  difference  to  (2*61  —  1-662)  or  '848  cwts. 
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In  the  estimate  just  given  the  effect  of  two  very  diflferent  qualkk^ 
of  coal  has  been  compared.  It  may  interest  some  to  compare  tb 
same  kind  of  coal,  as  nsed  in  its  raw  state  and  in  the  form  of  coke. 

For  this  purpose  we  will  assume  a  coal  of  the  average  compositia; 
of  the  four  Brancepeth  coals  given  above,  viz. : — 

fixed  carbon ...  70'3S 

wV  ttutSr  •••  •••  «••  •■•  ■•■  •»•  ■••  0  •••  ^  A^v 

Volatile  above  212°  P 23*68 

A<h  and  snlpbar       ...         ...         ...         ...         ...         ...  &'O0 

100-00 


That  portion  of  its  fixed  carbon  which  is  really  effective  for  iron 
smelting  is  arrived  at,  if  from  the  70'32  per  cent,  we  subtract  so  mnch 
as  is  needed  to  gasify  the  volatile  constituents ;  and  here  we  must 
assign  to  the  unit  of  C  a  calorific  power  of  only  4,000^  as  it  is  bnnit 
under  the  disadvantageous  conditions  of  the  blast  furnace. 


The  expulnon  of  1*00  H.O  requires       ...  540 

„  23'68  other  volatile  matter  requires  28'68  x  2,000  »      47^60 


Total 47^ 


47  900 
The  carbon-  needed  to  supply  this  heat  is    .'        =  11-97  units? 

so  that  the  portion  of  the  fixed  carbon  re&Uy  effective  for  iron  making^ 
is  only  (70*82  —  11*97)  =  58-85  per  cent,  of  the  coal. 

Assuming  now  that  28  cwts.  coke,  containing  92  per  cent,  or  2116 
cwts.  carbon,  are  needed  to  make  one  ton  of  pig,  its  equivalent  of  ooal 
will  be  so  much  as  contains  the  same  weight  of  effective  carbon,  viz^ 
21-16  X  100 


58-25 


=  86*82  cwts. 


'  The  assumption  of  4,000  calories  by  the  combustion  of  each  additional  onit  of 
carbon  is  founded  on  the  supposition  that  each  such  unit  is  oxidised  to  the  «*"w» 
extent  as  that  which  preceded  it.  This  is  however  bj  no  means  certain,  or  even 
probable,  but  any  difference  arising  from  this  cause  is  scarcely  worth  considentioiL 
It  may  also  be  observed  in  this  place  that  it  is  assumed  in  the  calculations,  that  wt 
have  to  deal  with  a  coal  capable  of  being  used  either  as  coke  or  aa  raw  coal  in  ib^ 
furnace.    This,  as  is  weU  known,  is  very  far  from  being  the  case. 
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The  oonstitaents  of  the  coal  are,  in  the  two  caseB,  disposed  of  as 
follows : — 

In  Ooke  Fnmaoe. 

Volatile  matters  expelled — 

In  coke  oven 8*66    ... 

In  blast  furnace 

Ash  and  snlphnr  melted  in 

blast  furnace       1*84    .., 

Fixed  Carbon— 

Hzpelling  volatile  mat- 

ters  in  coke  ovens  ...      8*72 

Do.  in  blast  furnace  ... 

Smelting  ore    in   blast 

furnace        2ri6 


Total  fixed  carbon      ...  24*88 


Total  coal  required     . . .  85*88 


In  Goal  Fomaoe. 

.  .* 

Difference  in 

faroor  of  Coke 

FunuMe. 

888 

... 

1.90 

4*38 

•  • . 

2116 

... 
... 
... 

25*54 

-66 

S6  32 

•94 

According  to  this  mode  of  comparison  it  seems  practically  a  matter 
of  indifference,  so  far  as  the  furnace  is  concerned,  whether  the  coal  be 
coked  or  used  raw ;  for  we  have  85*88  cwts.  of  coal  required  to  give 
the  28  cwts.  of  coke,  and  86*82  cwts.  of  coal  calculated  as  the  weight 
necessary  to  smelt  the  iron  and  to  gasify  the  volatile  matter,  when 
employed  raw  in  the  furnace  itself. 

There  is,  of  course,  a  much  greater  loss  from  radiation,  &c.,  in  the 
coke  oven  than  in  the  blast  furnace^  but  this  appears  to  be  compensated 
by  the  fixed  carbon  burnt,  as  well  as  by  the  more  complete  oxidation 
of  both  carbon  and  hydrogen  burnt  during  the  process  of  coking. 

So  far  the  question  has  been  regarded  as  one  of  heat  evolution  only, 
but  the  practical  smelter  has  to  deal  with  its  financial  aspects,  rather 
than  with  the  mere  calorific  power  of  the  two  kinds  of  fuel.  For 
coking  the  coal  a  large  and  expensive  plant  is  required,  representing  not 
less  probably  than  £8,600  for  each  blast  furnace — so  that  with  interest, 
wear  and  tear,  and  wages,  each  ton  of  pig  iron  may  involve  a  cost  of 
1b.  6d.  for  converting  the  coal  into  coke.  From  this  charge  a  very 
variable  allowance  has  to  be  made  by  the  opportunity  afforded  of 
separating  the  larger  coal  and  selling  it  at  a  higher  price. 

The  use  of  raw  coal  in  smelting  iron  permits  a  far  more  complete 
utilisation  where  a  use  can  be  found  for  them,  of  the  volatile  parts, 
than  can  be  effected  in  the  coke  oven.    In  the  latter  case  I  have 
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estimated  that  the  heat  obtained  from  each  ton  of  coal  coked  represmi 
abont  6d.  on  the  ton  of  iron  made,  whereas  the  8  cwts.  or  so  of  gases 
distilled  from  the  coal  in  the  fomaoe  may  be  safely  taken  at  28. 

There  is  a  farther  important  matter  for  consideration,  viz.,  tk 
relative  facilities  possessed  by  the  two  systems  of  collecting  the  hjt 
products,  viz.,  the  ammonia  and  tar. 

Messrs.  Bairds  at  Gartsherrie  have  demonstrated  the  practicability 
of  condensing  these  substances  from  the  waste  gases  of  their  fumsoes 
using  raw  coal.  The  same  object,  as  ah-eady  has  been  mentioned,  hag 
been  attained  at  the  coke  ovens,  and  in  these  undoubtedly  the  process 
ought  to  be  more  easily  accomplished  than  in  the  furnace ;  because 
from  a  frimace  using  raw  coal  the  volume  of  gas  will  be  abont  thirteai 
times  as  great  as  that  fi'om  ovens  making  coke  to  produce  a  similar 
quantity  of  iron. 

An  important  point  in  connection  with  this  branch  of  the  subject 
is  the  cost  of  plant  for  the  condensation  of  the  ammoniacal  gas  and 
tarry  matters.  A  sum  of  £16,000  has  been  named  as  being  required 
to  separate  these  substances  from  the  escaping  gases  of  blast  fomaoe 
capable  of  making  500  tons  a  week.  So  far  as  my  own  experience 
enables  me  to  judge,  one-third  of  this  sum  will  represent  the  extn 
cost  of  the  coke  ovens  required  for  effecting  the  same  object. 

The  natural  conditions  under  which  coal  is  found  in  Scotland 
enable  it  to  be  wrought  at  a  very  low  cost :  indeed  I  heard  of  it  as 
being  sold  for  locomotive  purposes  at  3s.  9d.  to  4s.  per  ton. 

These  natm*al  advantages  are  further  supplemented  by  the  cheaper 
rates  of  labour  which  prevail  in  the  iron  making  districts  of  Scotland. 
The  average  daily  earnings  of  the  entire  staff  at  one  colliery  were  given 
me  in  1879  at  2s.  lO^d.  In  the  EU  coal  a  hewer  can  work  4  tons  in  the 
whole  coal,  and  as  much  as  7  tons  in  pillars ;  in  the  main  coal  he  can 
get  3  tons  and  4  tons  respectively,  and  in  the  splint  2|  and  3^  tons 
respectively.  The  average  earnings  of  the  hewers  at  the  period  in 
question  were  3s.  l^d.  per  day  in  the  Ell  coal  and  2s.  lOfd.  per  day 
in  the  hard  coal  (main  and  splint),  the  men  paying  for  house  rent. 
At  another  ironwork  the  colliers  earned  from  8s.  I'Sld.  to  38.  5'56d. 
per  day,  and  the  drawers  8s.  to  4s.,  working  5^  days  in  the  week; 
and  notice  had  been  given  of  a  reduction  of  10  per  cent. 
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Cumberland  and  Lancashire. — Coal  is  fonnd  in  both  these  connties, 
in  the  latter  in  very  large  quantities.  That  obtained  from  the  Cnm- 
berland  pits,  although  in  immediate  proximity  to  some  of  the  blast 
furnaces,  is  only  spariugly  used  for  smelting  purposes.  The  coke  made 
from  the  coal,  as  drawn  from  the  pit,  would  contain  as  much  as  12  to 
1 4  per  cent,  of  ash ;  hence  it  requires  washing,  but  even  then  the  coke 
is  often  associated  with  IJ  per  cent,  of  sulphur.  Prom  whatever 
cause,  the  blast  furnaces  in  both  counties  use  almost  exclusively  coke 
produced  from  the  coals  of  Durham  and  Northumberland,  which  is 
brought  to  the  ironworks  on  the  West  Coast  at  a  cost  for  carriage 
varying  from  5s.  6d.  to  7s.  6d.  per  ton. 

Coal  in  South  Staffordshire. — The  quality  of  the  coal  obtained  in 
South  Staffordshire  adapts  it  admirably  for  the  purposes  of  the  iron- 
smelter.  The  large  demands  however  levied  upon  its  resources  for 
many  years  past  have  materially  increased  its  present  value  in  the 
market.  The  general  practice  forty  years  ago  was  to  coke  it  for  blast 
furnace  use,  but  now  it  is  largely  used  in  its  raw  state.  The  operation 
was  performed  in  the  open  air,  with  no  building  beyond  a  temporary 
oeutral  erection  of  loose  brick  work,  to  act  as  a  chimney.  Of  course  a 
large  waste  of  fuel  attended  such  a  rude  course  of  procedure,  and  the 
money  loss  was  further  increased  by  the  exclusive  use  of  large  coal, 
which  in  the  year  1871  I  found  was  selling  at  lOs.  to  12s.  per  ton 
when  used  for  other  purposes  than  that  of  making  pig  iron.  Its  pre- 
sent market  value  I  am  informed  is  9s.  6d.  For  many  years  past  raw 
coal  has  been  almost  exclusively  used  in  the  blast  furnaces  of  South 
Staffordshire,  and  when  coke  is  employed  it  is  generally  brought  from 
other  coal-fields  such  as  those  of  South  Wales. 

The  furnaces  in  this  old  seat  of  the  iron  trade  are  of  moderate 
dimensioQs,  nevertheless  I  have  heard  of  as  small  a  quantity  as  81  cwts. 
of  raw  coal  having  sufficed  to  produce  a  ton  of  grey  iron.  It 
would  however  not  surprise  me,  iron  and  coal  being  measured  by  the 
same  standard,  if  40  cwts.  were  nearer  the  mark.  This  indeed,  accord- 
ing to  the  Government  returns,  which  will  be  referred  to  at  a  later 
period,  appears  to  be  the  actual  rate  of  consumption,  which  includes 
the  coal  used  for  calcining  and  other  purposes  at  the  furnaces. 

Coal  in  North  Staffordshire. — ^The  beds  of  coal  in  this  division  of 
the  county  vary  from  8  to  7^  feet  in  thickness.    A  hewer,  I  was 
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informed,  cats  from  8  to  4  tons  for  his  day's  work,  and  the  daily  pro- 
duction for  the  whole  staff  is  about  22  cwts.  per  individual  employed — 
equal  therefore  to  something  over  850  tons  per  annum.  The  royalty 
paid  in  one  case  was  lOd.  per  ton,  and  the  total  expense  in  delivering: 
the  coal  at  the  pit's  mouth  is  pretty  nearly  the  same  as  that  in  the 
County  of  Durham.  The  average  selling  price  in  the  latter,  acoordinf; 
to  the  last  ascertainment,  was  4s.  7|d.  per  ton — a  figure  stated  hy  the 
coal-owners  as  being  unremunerative. 

The  furnaces  in  North  Staffordshire  are  usually  greatly  inferior  in 
dimensions  to  those  in  use  at  Middlesbrough;  the  height  does  not 
usually  exceed  50  or  60  feet.  In  one  case  I  found  one  of  70  feet ;  but 
the  increased  size  did  not  appear  to  be  accompanied  by  anj  economy 
in  the  consumption  of  coal. 

The  greater  part  of  the  fiiel  is  used  raw,  when  86  to  88  cwts.  are 
consumed  to  make  a  ton  of  iron.  A  portion  of  the  small  coal  is 
coked,  in  which  event  the  weight  required  may  be  taken  at  29  cwts. 
of  raw  coal  and  7  cwts.  of  coke  per  ton  of  forge  iron.  In  such  cases 
40  cwts.  of  a  mixture  of  calcined  black  and  clay  band  ironstone  and 
6J  cwts.  of  limestone  go  to  produce  one  ton  of  pig. 

Coal  in  South  Wales. — ^According  to  the  evidence  of  the  late 
Mr.  William  Menelaus,  given  before  a  committee  of  the  House  of 
Commons  about  the  year  1866, 25  cwts.  of  the  Dowlais  four-feet  upper 
vein  were  capable  of  smelting  a  ton  of  No.  8  foundry  iron  from  an 
ironstone  yielding  only  88  per  cent,  of  pig  iron.  Indeed  Mr.  Menelaus 
stated  that  occasionally  20  cwts.  of  this  exceptionally  fine  coal  sufficed 
for  the  purpose.  I  had  an  opportunity  afforded  me  of  examining  the 
Dowlais  furnace  books,  and  there  it  was  stated  that  for  18  consecutive 
weeks  the  average  consumption  had  been  19  cwts.  8  qre.  13  lbs. 

The  composition  of  this  seam  was  given  as  follows : — 


Carbon  fixed  and  volatile 

89-83 

Hydrogen 

4*43 

Nitrogen... 

•  •  ft                 •  ■  • 

1-24 

Oxygen   ... 

3-20 

Sulphur  ... 

«  ••,                •  •• 

0-66 

Ajh 

1-26 
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The  carbon  in  the  fixed  state  waa  stated  to  be  80  per  cent,  of  the 
whole  weight ;  and  at  Cyfarthia,  a  neighbouring  work,  the  non-volatile 
carbon  amounted  to  77  per  cent. 

I  am  without  any  precise  data  upon  which  to  found  an  exact  esti- 
mate of  the  quantity  of  heat  required  to  smelt  such  an  ironstone  as 
that  in  use  at  Dowlais  at  this  time.  Applying  however  the  same  rules 
as  those  applied  with  success  to  the  treatment  of  other  ores,  I  doubt 
whether  it  would  be  safe  to  adopt  a  less  weight  of  coal  than  the  larger 
one  mentioned  by  Mr.  Menelaus,  viz.,  25  cwts.,  and  even  then  this 
must  be  regarded  as  very  good  work. 

At  the  period  referred  to  by  Mr.  Menelaus  the  valuable  vein  of  coal 
jast  described  must  have  been  far  from  sufficient  for  the  Dowlais 
requirements,  because  for  the  production  of  a  ton  of  forge  iron  32^  to 
85  cwts.  of  raw  coal  were  being  used,  although  the  mixture  of  ore 
yielded  41'75  per  cent,  of  pig  iron  instead  of  38  per  cent,  as  in  the 
former  case.  Indeed  Mr.  Menelaus  himself  gave  88  cwts.  of  coal  as 
the  usual  rate  of  consumption  in  the  South  Wales  blast  furnaces. 

Bessemer  pig  iron  is  now  the  chief  object  of  production  in  this 
division  of  the  Principality.  The  fuel  usually  employed  is  coke,  made 
from  a  more  bituminous  coal  than  that  of  the  four-feet  vein.  A  com- 
mon rate  of  consumption  is  22  to  28  cwts.  per  ton  of  pig,  although 
there  are  instances  of  20  cwts.  sufficing  for  the  purpose. 


The  practice  of  giviog  the  consumption  of  fiiel  in  the  production 
of  pig  iron,  reckoned  in  the  form  of  raw  coal,  was  commenced  by  my 
friend  Robert  Hunt,  P.R.S.,  in  the  Mining  Keoords.  The  plan  has 
also  been  adopted  in  the  continuation  of  his  excellent  work,  prepared 
by  Her  Majesty's  Inspector  of  Mines.  Prom  these  figures  the  Table 
at  page  622  has  been  prepared.  The  results  will  not  be  found  always 
to  correspond  with  those  already  given  in  this  work.  This  partly 
arises  from  the  latter  representing  exclusively  the  fuel  used  m  the 
blast  furnaces,  whereas  the  official  returns  included  any  coal  used  in 
calcining  and  at  the  boilers,  &c.  The  Government  report  also  deals 
with  the  average  of  the  whole,  while  mine  gives  the  consumption  of 
particular  works. 
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SUMMARY  OF  THB  PRODUCTION  OP  PIG  IRON 

IN  THB    YbAE    1882,  AWD  OJ  THB   COAL  FSBI> 
VEETBD  INTO  COKE)  IN  ITB  MANUFACTURE. 

Nomber  of         Pic  Iron 
Made. 


IN  GREAT  BRITAIN 
(nrcLUi>nro  COALi  coy- 


Ooal 


Tearlr       C  i£ 


ENGLAND  AND  WALES— 

Cntnberland    ...         ...         ... 

Denbighshire  and  Flintshire. . . 

Derbyshire 

Durham  ...         ...        ... 

Glamorganshire         

Gloucestershire,     Hampshire, ) 
Somersetshire,  and  Wiltshire  I 

Lancashire      ...         ..•        ..• 

Lincolnshire  ... 

Monmonthshire 

Northamptonshire     

Northumberland 

Nottinghamshire 

Shropshire       ...         •••        ••• 

Staffordshire,  North 

Staffordshire,  South 

Worcestershire  

Yorkshire,  North 

Yorkshire,  West        


In      Out  of 
BUM*.    BlAtt. 
46         10 


6 
40 
84 
27 

86 
17 
86 
16 

4 

6 
10 
26 

8U 
16 
82 
28i 


4 
18 
86 
64 

H 

14 

4 
13 
11 

8 

14 
12 
61t 
24 
9 
18f 


Tons. 
1,001,181 

63,138 
872  660 
816,671 
404,360 

62,991 

790,999 

201,661 

630,064 

192,116 

93,422 

78,086 

80,476 

276,677 

247,667 

160,776 

1,803,608 

821,430 


Tons. 
1,826.398 

164,888 

930,360 

1,634,684 

863,642 

108.721 

1,346,868 
464,600 
991,969 
446,300 
143.237 
182,206 
240,000 
642,67b 
668,966 
399,416 

3,694.867 
726,482 


22.249 

8,866 

9,316 

23  990 

14^6 

11,775 

22,000 
11.856 
15.145 
12.807 
23,855 
14,617 
8,047 
11.023 
7,862 
9,423 
21,994 
11.377 


36*48 
58^ 
49« 
4006 


41« 

46-10 

37  4S 

46-35 

30«6 

49« 

59^ 

3938 

45-14 

6298 

4097 

46-20 


Total,  England  aitd  Walbb    460i    319}    7,460,680  16,244,066    16,210    40^ 


SCOTLAND— 

Ayrshire         28}  14}       860,423 

Linlithgowshire,  Lanarkshire, )  gj.  g^i       776,577 

and  Stirlingshire )  '  ^ 


731,004    124^6    41^ 
1,821,241      9,516    46*96 


110        39      1,126,000    2,662,246    10236    45'3S 


Total  Pboduotiow  op  Gbbat 
BmTAIK      


^^  1 570i    368t    8,686,680  17,796,301    15,058    41-4$ 


Using  the  information  contained  in  this  Government  report  I 
would  now  compare  the  actual  work  performed  by  the  fuel  in  some 
of  the  chief  centres  of  the  iron  manu&cture  in  Great  Britain  and  else- 
where. In  coming  to  anj  conclusion  upon  the  subject  a  mere  state- 
ment of  the  coal  consumed  per  ton  of  pig  iron  produced  does  sot 
convey  all  that  is  required.  The  richness  of  the  ore  and  the  quantity 
of  limestone  needed  as  a  flux  must  also  be  taken  into  the  account 
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In  the  short  Table  which  follows  will  be  found  the  combined  weights 
of  ore  and  flux,  together  with  the  official  return  of  the  coal  used. 
From  these  two  factors  the  quantity  of  these  two  ingredients  smelted 
by  one  ton  of  the  British  raw  coal  has  been  estimated,  and  to  the 
results  thus  obtained  others,  from  private  sources  of  information,  have 
been  added  to  exhibit  the  duty  performed  by  foreign  fiiel : — 

Hematite  Pig  Ikon,  chtisply  Bessemeb. 

Owts.  of  Ore  and        Owts.  of  lUw  Owts.  of 

Limerton*  Coal  liateriab  Smelted 

porTonofMetaL      per  Ton  of  MetaL     per  Ton  of  OoaL 

25-27 

26*22 

2430 

Pig  Ibok  pbou  Oolitic  iBOKBTOim,  atebaob  about  No.  3*50 
Cleveland*—  foundry  ...  69*00  ...  44*00  ...  26*82 
Lincolnshire  „         ...        62*22        ...        46*08        ...        27*00 

NorthamptonBhire  „         ...        65*43        ...        46*35        ...        23*92 

Pio  Ibov  fbou  Clay  Ibokstonb. 
North  StaffordBbire— forge  48*50        ...        36*00        ...        26*94 

Scotland— chiefly  No.  1      ...        48*39        ...        42*39        ...        22*83 


28*54 
23*75 
41*20 
25*54 

In  the  case  of  the  Belgium  furnace  the  yield  of  coke  from  the  coal 
was  74  per  cent. 

Coal  nr  Qebmant. 

Ceal  in  the  Rhenish  Pr&vinces, — The  weight  of  coal  given  me  as 
hewn  by  each  miner  in  eight  hours  actual  work  in  Rhenish  Prussia 
was  43  cwts.  For  this,  in  1878,  the  hewer  earned  2s.  9d., 
without  house  or  firing,  and  the  average  weight  extracted  by  the 
entire  staff  of  the  mine  was  about  17^  cwts,  for  a  day's  work, 
the  average  earnings  for  the  year  in  question  being  2s.  4d.  The 
selling   price    at  the   pit   was   stated  to   be    5s.  2^d.  to  5s.  5d. 

^  The  Government  returns  include  hematite  pig.  For  the  pnrpoee  of  the  esti- 
mate 23  cwts.  of  coke  has  heen  assumed  as  being  the  average  consumption  for 
Cleveland  iron  alone,  to  i^hich  875  cwts.  of  coal  has  been  added  for  calcining  and 
other  purposes. 
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per  ton,  which  frequently  left  only  a  moderate  profit.     The  average 
ash  in  the  coal  of  these  districts  is  considered  to  be  10  per  cent;  or 
about  twice  the  amount  contained  in  the  coking  coal  of  Durham.    At 
the  market  value,  say  5s.  8d.  per  ton,  the  cost  of  coke  from  unwashed 
coal  was  mentioned  as  being  9s.  3d.  at  the  furnaces,  where  the  ovens 
are  usually  situated.    From  washed  coal  it  would  of  coarse  be  some- 
thing more.    The  older  furnaces  are  of  very  moderate  dimensions— 
about  50  to  54  feet  in  height ;  and  at  these  24^  to  29^  cwts.  of  coke 
are  used  per  ton  of  white  sparry  (strahliges)  iron,  28  cwts.  for  common 
white  pig,  and  often  above  30  cwts.  for  Bessemer  iron.     The  sparry 
iron  contains  2*6  of  carbon,  '18  of  silicon,  and  'S  of  phosphorus.    With 
furnaces  of  71  to  72  feet  in  height,  blown  with  air  heated  in  fire-brick 
stoves  to  a  temperature  of  low  redness  in  the  dark,  the  coke  consumed 
was  24  to  26  cwts.  per  ton  of  Bessemer  pig,  the  make  being  at  the  rate 
of  560  tons  per  week.   The  mixture  of  ore  was  such  that  41^  cwts.  of  it 
and  11^  cwts.  of  limestone  were  required  to  produce  one  ton  of  metal. 

In  1882  the  cost  of  coal  near  Dortmund  was  given  at  5s.  2d.  to 
5s.  5d.  per  ton.  The  hewers  were  earning  4s.  6d.  to  5s.  per  shift  of 
eight  hours'  actual  work.  The  average  output  of  about  700  men,  all 
told,  was  given  in  one  pit  at  19  cwts.;  in  a  second,  18*9  cwts.;  and  in 
a  third,  20  cwts.  per  diem.  The  average  earnings  of  the  whole  staff 
were  £40  per  annum,  probably,  therefore,  about  28.  9d.  per  shift. 

In  1883  the  selling  price,  in  the  Dortmund  neighbourhood,  of  onal 
suitable  for  the  manufacture  of  coke^  and  yielding  70  per  cent,  of  coke, 
was  given  at  7s. 

What  has  been  said  goes  to  prove  that  the  coke  of  the  Bhenisb 
Provinces  is  decidedly  inferior  to  that  employed  in  the  northern 
counties  of  England,  the  difference  being  about  25  per  cent,  in  favour 
of  the  latter.  The  pits  being  usually  nearer  to  these  Oerman  furnaces 
than  the  Durham  collieries  are  to  Middlesbrough,  an  average  saving 
of  probably  Is.  per  ton  in  carriage  is  enjoyed  by  the  former;  against 
which  something  must  be  allowed  for  inferiority  of  quality. 

Coal  at  Saarbriick,  Frnssia.— This  district  is  an  important  seat  of 
the  German  coal  trade,  its  annual  produce  being  four  to  five  million 
tons.  The  mines  are,  I  believe,  chiefly  worked  by  the  Government, 
and  in  1878  the  selling  price  of  small  C3al  fit  for  coking  was  quoted  as 
having  been  4s.  6^d.  at  the  pit ;  but  the  coal  as  worked,  large  and 
small,  oonmianded  double  this  price. 


SBOriON  XVIII. — CHIEF  IRON-PBODUCINa  OOXTNTEIES  COMPAEBD.    625 

The  average  annual  output  over  the  five  years  ending  1877, 
per  man  employed  at  the  mines,  was  stated  as  having  been  196  tons 
per  annum.  The  daily  earnings  during  the  period  in  question^ 
.aocording  to  a  printed  statement  to  which  I  had  access,  ranged  between 
2s.  10^.  and  8s.  4^.  per  day ;  the  average  of  the  five  years  being 
^s.  Ojd.  The  wages  per  ton  amounted  to  4s.  5^.,  and  the  selling 
price  of  the  entire  produce  varied  from  8s.  4d.  in  1877  to  16s.  8d.  in 
1873,  the  average  for  the  five  years  being  12s,  Id. 

From  another  quarter  the  following  information  was  received : — 

1873.  1874.  1875.  1876.  1877. 

Tons.  Tons.  Tons.  Tons.  Tone. 

Fioduotion  per  man  employed  ...    204  194  200  196  187 

s.d.  s.d.  s.d.  8.d.  s.d. 

Wages  per  ton  raised      4    9f  5    2  4  7i  4    5^  4    2^ 

Ditto  (another  quotation)          ...  4    6j  4  10  4  4  4    6^  4    2| 
Weekly    earnings    per   man 

employed          18  lOf  19    4i  17  9|  16    6  16    0 

Daily  do.  (another  quotation)     ...3    4}  3    6|  3  2^  2  11}  2  10^ 

Selling  price  of  coal,  per  ton     ...16    8  14  10}  11  0}  9    71  8    4 

Speaking  generally,  it  may  be  assumed  I  think  that  in  point  of 
quality  all  the  coke  produced  in  the  western  part  of  Germany  is 
inferior  to  that  obtained  from  the  North-Eastem  coal-field  of  England. 

The  small  coal  of  the  Saarbriick  district  is  impure,  containing  as 
it  sometimes  does  20  per  cent,  of  ash,  so  that  much  of  it  has  to  be 
washed,  when  it  affords  a  coke  containing  from  8  to  12  per  cent,  of 
ash.  The  loss  of  weight  in  washing  amounts  to  nearly  one  fourth,  and 
the  yield  of  coke  is  usually  about  68  per  cent,  of  the  coal ;  but  it  is 
stated  that  as  much  as  80  per  cent,  is  obtained  in  the  Appolt  oven. 
In  some  cases  a  mixture  of  washed  and  unwashed  coal  is  coked,  giving 
a  product  containing  15  per  cent,  of  ash. 

With  small  coal  bought  at  48.  6^d.  and  washed,  the  coke  costs 
about  12s.  at  the  pits,  which,  as  compared  with  the  County  of  Durham, 
is  rather  a  high  price,  particularly  when  we  bear  in  mind  that  the 
German  coke  contains  11  to  12  per  cent,  of  ash.  Notwithstanding 
this  high  rate  of  impurity,  in  smelting  Luxemburg  ore  in  a  furnace  of 
48  feet  by  17  feet,  20*80  cwts.  suffice  for  the  production  of  a  ton  of 

NN 
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white  iron,  the  blast  being  only  heated  to  850''  0.  (662?  P.)  Tin 
power  of  getting  snch  good  duty  from  so  small  a  fomaoe  is  grea(Jy  ist 
to  the  easily  redacible  character  of  the  Lnxembnig  ore. 

I  imagine  we  may  assume  that  the  cost  of  12s.  per  ton  is  as  lovi 
price  as  coke  can  be  made  at,  in  any  large  quantity,  in  the  Saarbrod 
coal-field,  even  if  the  firms  worked  their  own  ooUieries ;  because  for 
any  increase  in  the  production  of  coke,  the  large  as  well  as  the  smal 
coal  would  have  to  be  used,  and  it  would  manifestly  be  greatly  to  tbe 
iron  smelter's  disadvantage  if  he  had  to  make  coke  fix>m  large  oodl, 
which  probably  before  it  was  crushed  and  washed  would  cost  at  ito 
market  value,  even  in  the  cheaper  years,  10s.  to  lis.  per  ton. 

It  is  so  long  since  I  visited  the  collieries  of  Prussian  Silesia,  that  I 
am  unable  to  speak  positively  as  to  the  quality  of  the  coal  of  that  pari 
of  the  German  Empiro.  My  own  impressions,  however,  confirmed  by 
recent  enquiry,  do  not  lead  me  to  think  that  it  is  much  if  indeed  sL 
all  superior  to  the  coal  of  Western  Germany  just  described. 

Coal  nr  Frakob. 

Of  the  five  nations  we  are  considering,  none  is  so  poorly  pro- 
vided in  the  matter  of  coal,  having  regard  to  its  size,  as  France. 
At  pp.  448  and  449  the  output  is  given  at  20|  million  tons,  while  the 
weight  imported  exceeds  that  exported  by  about  9}  million  tons.    On 
referring  to  some  notes  taken  in  the  year  1865,  the  average  cost  of 
working  coal  in  13  French  collieries  was  about  80  per  cent,  higher 
than  that  in  the  United  Eangdom  at  that  time ;  since  which  the  cost  of 
working  has  increased,  probably  to  a  greater  extent  than  with  our- 
selves.   The  exact  amount  of  the  relative  increase  is  perhaps  not  veiy 
material ;  because  what  the  French  iron-makers  have  to  look  at,  is  not 
the  cost  alone,  but  the  value  of  coal  when  used  for  other  purposes,  for 
that  is  the  nature  of  the  competition  they  have  to  encounter.    Now, 
according  to  returns  in  my  possession,  the  selling  price  of  coal  in  the 
Pas  de  Calais  varied  from  lis.  S^d.  in  1877  to  15s.  6d.  in  1874,  the 
average  during  the  five  years  ending  in  the  former  year  being  14s.  2<L 
So  late  as  the  year  1878,  in  one  of  the  chief  iron-making  centres, 
situate  on  a  coal-field  which  I  visited,  the  best  coal  was  selling  at 
12s.  8d.  to  18s.  6d.,  and  commoner  coal  at  9s.  6d.  per  ton;  coal  in 
England  only  commanding  about  half  this  price  at  the  same  period. 


1871 
2^3 

187& 
8,257 

1878. 
8^24 

1877. 
8,435 

152 

151 

148 

148 

s.     d. 

B.     d. 

8.     d. 

B.    d. 

2    9i 

2    9h 

2    9i 

2    41 

6    71 

5    8 

6    9i 

4  11 

15    6^ 

14    5f 

14    Of 

11    3^ 
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Pas  de  Calais, — From  a  printed  sfcatement  fnmished  to  me  as  a 
juror  of  the  Paris  Exhibition  in  1878,  I  extract  the  following  figures 
respecting  this  now  important  coal-producing  locality : — 

1873. 
Production  in  thonsands  of  tons... 2,982 

Tons  worked  per  annam  -pegc  man 
employed  ...        ...        ...    166 

B.     d. 
Earning  per  day  (year  taken  at 

290  days)  2  lOi 

Cost  of  labour  per  ton  of  coal  ...  6    8| 

Selling  prices  of  coal      15    5^ 

According  to  this  information  the  working  expenses  of  this  coal- 
field must  be  regarded  as  high. 

According  to  the  same  printed  statement,  given  me  by  a  French 
ooal-owner,  the  average  earnings  for  the  year  1876  of  the  men  in  the 
County  of  Durham,  was  8s.  9|d.  per  day,^  and  the  wages  per  ton  about 
2s.  less  than  in  the  Pas  de  Calais.  The  total  cost  of  coal  for  that  year 
was  quoted  as  being  8s.  8d.  per  ton  dearer  in  these  French  pits  than 
in  those  of  Durham. 

In  a  paper  read  by  M.  Laporte  before  the  members  of  the 

Northern  Institute  of  Mining  Engineers,  at  their  meeting  in  Paris  in 

1878,  it  is  mentioned  that  the  wages  of  the  hewers  have  increased  in 

'the  northern  coal-field  of  France  161  per  cent,  since  1825.    Their 

daily  earnings  were  as  under : — 


18K. 

1836. 

1885. 

1878. 

B.    d. 

B.    d. 

B.    d. 

B.    d. 

16. 

..     2    0    ...    2    6     . 

..     8  10 

Per  day        

According  to  M.  Laporte  the  wages  per  ton  of  coal  in  1875 
amounted  to  about  6s.  3d. 

St.  Etienne  Goal-field. — ^When  I  visited  this  district  in  1867,  the 
selling  price  of  unwashed  coking  coal  delivered  at  the  ovens  was 
98.  Id.,  which  included  a  charge  of  about  Is.  for  carriage. 

At  one  mine,  where  the  hewers  were  only  earning  28.  5f  d.  per  day 
of  ten  hours,  the  cost  of  extraction  at  the  pit's  mouth  was  stated  to  be 
as  low  as  3s.  O^d.  per  ton.  The  items  making  up  this  sum  were  also 
given,  and  were  as  follows : — 

28. 2:(d.  4|d.  lid.  l^d.  ^d.  2d.  Ss.  Q^A. 

^  This  quotation,  in  my  opinion  is  lower  than  the  wages  have  heen  for  many 
years. — I.  L.  B. 
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Under  any  circmnstances  this  figure  mufit  be  taken  as  an  excep- 
tionally low  one,  for  when  the  hewers'  earnings  amounted  to  Eom 
varying  from  2s.  9d.  to  Ss.  7^d.  per  day,  the  cost,  at  other  pita^  d 
working  a  ton  of  coal  was  stated  as  being  6s.  Tfd.,  of  which  2s.  lOjd. 
was  for  men's  wages. 

The  expenses  of  working  coal  in  the  neighbourhood  of  St.  Etiemie 
ranged,  in  1867,  from  5s.  to  7s.,  exclusive  of  royalty  which  in  some 
cases  was  high. 

The  yield  of  coke  from  the  coal  was  60  per  cent.,  and  the  cost  of 
labour  at  the  ovens  amounted  to  Is.  3^d. 

The  selling  prices  at  that  time  of  the  output  of  one  mine  visited 
were  as  follows  : — 


Percent.                                                    PerTon^ 

d. 

SmaU  for  coking 

...    60  of  saleable  prodaoe     ...  78.  6d.  to    8 

0 

linmps     ...         ... 

33            ,}              ,f          ...                     12 

9k 

Large  blocks 

•  ••         /               n                »>             •••                          xR 

3 

100                      Ayerageabont     ...      10 

2 

For  Bessemer  pig  smelted  in  1878  from  ores,  chiefly  foreign, 
yielding  56|  per  cent,  pig,  smelted  in  old  and  very  small  furnaces 
blown  with  air  at  350°  C.  (662°  P.),  30  cwts.  and  upwards  of  coke 
were  used  and  14^  cwts.  of  limestone.  With  fire-brick  stoves  deliTer- 
ing  the  blast  at  600°  C.  (1,112°  F.)  20-86  cwts.  of  the  coke  sufficed 
In  this  case  only  9^  cwts.  of  limestone  were  required.  The  make 
was  245  tons  per  week  from  the  furnaces  with  pipe  stoves,  and  350 
tons  from  those  with  fire-brick  stoves. 

The  iron  works  near  the  town  of  St.  Etienne  are  surrounded  by 
collieries  of  the  character  just  referred  to.  Many  iron  smelters  pur- 
chase washed  coal  for  their  ovens,  at  a  cost  (in  1878)  of  ISs.  lOjd. 
per  ton,  at  which  price  they  can  produce  coke  at  20s.  In  one  case 
the  coke  so  made,  having  tQ  be  conveyed  for  twenty-two  miles, 
involved  a  charge  of  2s.  6d.  per  ton,  equal  therefore  to  l'36d.  per  ton 
per  mile.    It  contains  12  to  14  per  cent,  of  ash. 

Coal  in  Central  France. — Commmtry. — ^The  iron  works  in  the 
vicinity  of  Commentry  were  supplied,  in  1867,  when  I  visited  them,  with 
fuel  from  the  adjacent  collieries.  At  that  time  the  coke  ovens  were 
charged  8s.  to  9s.  per  ton  for  small  coal,  of  so  impure  a  quality  that 
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the  coke  made  from  it  oontained  18  per  cent,  of  ash.  By  washing, 
this  .was  reduced  to  12  to  14  per  cent.,  the  product  costing  16s.  to 
188.  per  ton,  and  being  sold  at  208. 

In  furnaces  of  48  feet  in  height  and  using  an  ore  yielding  87  per 
cent,  of  pig,  consumption  of  coke  for  white  iron  was  only  21^  cwts., 
while  80  cwts.  were  required  for  foundry  and  26  cwts.  for  grey  forge 
pig.  The  ore,  in  the  form  of  small  gravel  from  Bourges,  costing  then 
lis.  9d.  delivered  at  the  furnaces,  required  as  a  flux  14  cwts.  of  lime- 
Btone  per  ton  of  metal.  The  temperature  of  the  blast  was  850^  to 
400°  (662°  to  752°  F.) 

Coal  of  the  Department  of  (he  Oard. — Iq  1867  I  visited  a  colliery 
belonging  to  the  field  of  the  Grande  Combe,  in  which  the  coal  rarely 
exceeded  8^  feet  in  thickness.  The  cost  of  working  at  that  time  was 
stated  as  varying  from  5s.  to  5s.  8d.  per  ton ;  no  royalty  was  paid, 
the  lands  being  the  property  of  the  company.  The  entire  output  of 
the  district,  at  the  period  of  my  examination,  was  1,800,000  tons,  and 
the  selling  price  of  small  coal  in  1867  ranged  from  6s.  4|d.  to  7s.  2d. 
per  ton,  and  of  the  large  14s.  8d.  The  produce  of  the  pit  being  half 
large  and  half  small,  the  average  markec  price  was  above  10s.  A 
hewer  was  cutting  4^  tons  in  ten  hours,  earning  thereby  8s.  2\Si,  to 
4s.  per  day  without  house  or  fire.  The  coal  was  being  washed  for 
the  iron  works,  and  then  sold  for  88.  4|d.  per  ton :  it  yielded  57 
per  cent,  of  coke ;  the  selling  price  of  the  latter  was  17s.  7id.  per 
ton.  The  ore  used  was  partly  got  in  the  neighbourhood,  and  the 
remainder  was  brought  from  La  Youlte  on  the  Bhone,  and  from 
Africa. 

Coal  of  Bslgitjm. 

In  comparison  with  its  area  Belgium  furnishes  a  greater  weight  of 
coal  than  any  other  nation.  The  annual  quantity  raised  is  about  17j^ 
million  tons  {v.  p.  448),  and  the  coal  exported  exceeded  the  imports 
m  1882  by  about  4}  million  tons.  Moreover  this  prominent  position, 
in  a  coal  producing  point  of  view,  is  attained  in  spite  of  mimng 
difficulties  greatly  beyond  the  average  of  most  other  localities.  The 
mines  are  often  of  great  depth,  sometimes  above  1,000  yards,  and  the 
strata  are  often  so  contorted  that  the  shaflb  passes  through  the  same 
bed  of  coal  several  times.    Besides  these  disadvantages  ^the  seams  are 
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often  very  thin ;  and  taking  the  quality  throughont,  the  jHt)dTioe  of 
the  Belgian  mines  is,  like  those  of  France  and  German j,  inferior  to 
most  of  the  coal  in  Great  Britain.  Under  such  circnmstanoes  m 
those  referred  to,  the  cost  of  extraction  is  necessarilj  hi^h,  and  in 
consequence  the  selling  prices  are  above  those  of  the  United  Eiiig- 
dom.  The  quotations  of  one  large  company  in  the  year  1875  per  ton 
at  the  pit  were  as  follows : — 

«__^^i__i  n«wi»niWi  For  Brick  Mid  Ookeftom 

GmOcwL  OoUiigOoftL  Ume  Burning.  WaahadOoaL 

98.6d.tol0s.4d.         7s.9d.to98.  4b.  9d.  to  6s.  148.  to  15s. 

According  to  a  Government  return,  the  published  value  of  all  the 
coal  raised  in  Belgium  is  thus  stated : — 

187a  1871.  187S.  1871  1874.  187ft.  1S78L  18^ 

8s.  8d.    88.  ll^d.    lOs.  7)d.    17b.  9id.    ISs.  Ijid.    10s.  9^    Ts.  lid.    78. 6d. 

At  page  509  the  average  output  per  individual  engaged  per  annnm 
is  given  for  the  province  of  Hainaut  alone.  According  to  retains 
given  to  me  the  following  figures  represent  the  annual  production  for 
men  and  boys  over  the  whole  of  Belgium.  As  a  means  of  oomparisoO) 
some  of  the  corresponding  figures  are  added  for  South  Durham  : — 

1870.  18n.  1871  1873.  1874.  1878.  1878.  1879.  1880l  UO- 
Belginm  ...  tons  149  146  159  146  184  132  160  158  —  — 
South  Durham  „       —      --      ~    885    880    841    856    350    401    d9S 

During  a  visit  I  paid  to  Belgium  in  1878,  the  year  of  higbeit 
prices,  a  large  coal-owner  named  88.  S^d.  as  the  cost  of  raising  ooti 
near  Li^ge,  to  which  it  had  risen  from  prices  varying  from  ^  7d.  to 
6s.  5d.  At  the  date  of  my  inquiry  the  selling  price  however  was 
22s.  4|d.,  so  that  the  profit  per  ton  was  nearly  148.  From  anothff 
quarter  8s.  per  ton  was  given  as  a  common  cost,  while  5s.  7d.  bid 
been  the  figure  at  this  particular  mine  before  the  great  rise  in  tbe 
value  of  coal. 

By  a  very  trustworthy  authority  the  following  information  wtf 
given  me  in  the  year  1878  as  to  the  increase  in  the  cost  of  raising  > 
ton  of  coal  in  his  own  district : — 


187a  1871  1871.  1873 

38.  9|d.    ...    48.  8d.    ...    58.  Od.    ...    5b.  4id.    ...    68.  7id. 
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The  details  of  the  last  year — 1873 — were  as  follows : — 


Labour          

2  10} 

Stores            

1    6i 

Redemption 

0    2i 

Loading        

0    li 

General  expenses 

1    71 

Extraordiniuy  work 

0    4i 

6    7f 

In  many  cases  however  the  cost  in  1873  would  be  as  high  as  9s.  7^. 
per  ton.  In  all  these  there  is  an  allowance  for  redemption  of  capital 
and  royalty. 

Unwashed  coal  afforded  in  one  case  68  per  cent,  of  coke,  containing 
10  to  12  per  cent,  of  ash,  and  of  it  22*40  cwts.  were  nsed  to  give  a  ton 
of  white  iron  in  fdmaces  having  a  height  of  about  63  feet.  The  blast 
was  heated  in  fire-brick  stoves,  and  the  ore  used  was  chiefly  brought 
firom  Luxemburg. 

In  1878  the  small  coal  sold  to  iron-works  for  making  coke  was 
charged  at  prices  varying  from  7s.  1^.  to  10s.  3^.  per  ton.  It  con- 
tains only  from  15  to  20  per  cent,  of  volatile  matter,  so  that  in  an 
Appolt  oven  the  yield  was  80  per  cent,  of  coke,  and  in  an  ordinary 
(Copp^)  oven  it  was  74.  Taking  coal  at  a  mean  price  of  8s.,  the 
coke  would  therefore  probably  cost  from  12b.  6d.  to  13s.  per  ton.  In 
1878,  at  one  work  I  visited,  8s.  3d.  to  8s.  8|d.  was  being  paid  for 
unwashed  coking  coal,  from  which  the  coke,  made  in  Appolt  ovens, 
was  said  to  cost  lis.  Id.  per  ton,  the  yield  from  the  coal  being  80  per 
cent.  This  coke  was  soft  and  poor  looking,  and  contained  12  to  14 
per  cent,  of  ash.  The  ore  used,  chiefly  that  of  Luxemburg,  yielded 
38  to  40  per  cent,  of  pig,  and  the  consumption  of  coke  per  ton  of 
white  pig  was  23  cwts. 

In  1878  the  cost  of  working  coal  in  the  Liig^  district  was  stated 
to  me  to  vary  from  68. 4d.  to  7b.  l^d.  per  ton.  The  selling  prices  were 
as  follows  :^ — 

Best  eoal  in  Terj  large  pieces 

Large  ooal  free  from  small       

Bongh  smaU       ...          ..  ...        ...        .•• 

x/eacL  small          •••        •••  *•■        ...        ... 

*  Paper  read  by  M.  Laporte  at  meeting  of  members  of  North  of  England  Institute 
of  Mining  Engineers  held  at  F^wis,  1878.     Vide  Transactions  for  thiOi  year. 


14 

d.         ■.    d. 
8  to  15  10 

11 

1  to  11  10^ 

9 

6  to  10    8i 

7    li 
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The  coal  in  the  Charleroi  district  is  rarely  washed,  and  contuni  on 
an  average  12  per  cent,  of  ash;  washing  when  adopted  redacing  theadi 
to  7  or  8  per  cent.  Coke  is  sometimes  used  in  the  furnace  containii^ 
as  much  as  22  per  cent,  of  ash.  At  an  estahlishment  also  examined 
in  1878,  unwashed  coal  was  delivered  at  6s.  to  8s.  8  Jd.  per  ton.  15k 
coke  obtained  from  it  made  a  ton  of  white  pig  with  21  to  23  cirtB. 
For  grey  foundry  pig  27  cwts.  were  consumed.  The  furnaces  were 
52  feet  high,  blown  with  air  at  450°  to  500°  C.  (842°  to  982°  F.) 

The  exportation  of  so  large  a  proportion  of  the  ooal  raised  in 
Belgium,  as  may  be  supposed,  is  not  due  either  to  superior  exoellentt 
or  to  greater  cheapness  of  extraction  as  compai-ed  with  Great  Britain, 
but  to  the  readier  and  cheaper  access  to  the  iron-making  districts  of 
France  and  Luxembm*g. 

COAIi  IS  THB  UKITBD  StATBS. 

Fifty  years  ago  or  less  the  known  areas  of  coal  deposits  on  the 
Continent  of  Europe  were  such  as  to  have  led  to  the  belief  that  Great 
Britain  possessed  almost  a  monopoly  of  the  carboniferous  formatioiL 
Subsequent  experience  has  done  much  to  dispel  this  illusion,  and  if  we, 
in  this  country,  are  entitled  to  claim,  and  this  even  to-day  with  some 
show  of  reason,  to  be  exceptionally  favoured  in  our  ooal  beds,  more 
recent  discoveries  have  abundantly  proved  how  far  from  correct  was 
the  common  opinion  of  former  times,  for  many  extensiye  tracts  of  coal 
have  been  discovered  and  opened  out  within  the  fifty  years  referred  to. 

In  a  country  like  the  United  States,  where  half-a-century  may  be 
said  to  embrace  the  whole  of  its  industrial  life,  this  remark  as  to  its 
coal  resources  pre-eminently  applies ;  for  at  the  present  moment  the 
known  coal-fields  extend  over  an  area  fully  eight  times  as  large  as  those 
of  the  United  Kingdom,  and  to  those  already  discovered  others  are 
frequently  being  added.  Notwithstanding  this  wealth,  possessed  as  it 
were  by  one  nation,  it  seems  scarcely  probable,  with  our  actual  know- 
ledge of  the  geology  of  North  America,  that  for  the  same  area  of 
territory,  the  United  States  is  equal  in  coal  resources  to  the  parent 
country. 

Anthracite  Regions  of  Pennsylvania, — ^Whatever  advantages  Great 
Britain,  area  for  area,  may  possess  over  the  United  States  in  a  coal- 
producing  point  of  view,  those  connected  with  the  anthracite  deposiiis 
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of  the  latter,  so  far  as  iron-making  is  concerned,  may  be  said  to  be 
without  a  rival.    It  is  true  that  in  South  Wales  this  form  of  coal  is 
found;  but  it  is  in  limited  quantity  and>  for  the  blast  furnace,  appears 
inferior  in  quality  to  the  almost  inexhaustible  beds  of  North  America. 
In  the  mining  district  surrounding  Hazelton  I  was  informed  that 
there  are  thi^ee  seams  of  anthracite  varying  in  thickness  from  18  to 
18  feet.    They  lie  at  a  very  steep  slope,  45°  to  60°,  and  after  reaching 
the  maximum  depth  very  often  run  in  an  opposite  direction  to  the 
surface.    To  win  the  coal  thus  situated  a  large  timber  erection  is  con- 
structed, one  side  of  whidi  is  an  inclined  plane,  being  a  continuation 
of  the  inclined  road  which  is  formed  in  the  coal-seam  itself.    The 
use  of  the  building  is  to  separate  the  largest  coal  for  blast  furnace 
or  other  purposes,  or  to  break  and  sort  it  along  with  the  smaller  into 
pieces  of  uniform  size,  for  other  manufacturing  and  for  domestic 
fires.    During  the  extraction  and  breaking  of  the  mineral  a  consider- 
able quantity  of  dust  is  produced,  and  although  coming  into  partial 
use  for  artificial  fuel,  enormous  mounds  of  rejected  small  coal  were  to 
be  found  at  all  the  older  pits  I  examined.    The  cost  of  opening  out 
an  anthracite  colliery  capable  of  furnishing  250,000  tons  a  year, 
including  the  "Breaker,"  was  stated  to  be  150,000  dollars.    There  is 
a  considerable  loss,  partly  in  the  dust  just  referred  to,  partly  in  stony 
matter,  and  partly  in  the  amount  of  coal  to  be  left  unworked,  in  conse- 
quence of  the  difficulty  of  supporting  the  roof  in  a  seam  lying  at  such 
a  steep  angle.    The  yield  given  me  was  15,000  tons  per  acre  from  a 
seam  of  14  feet,  which  is  probably  less  than  half  the  actual  weight 
contained  in  the  bed. 

In  some  cases  six  or  seven  tons  of  water  have  to  be  pumped  for 
every  ton  of  coal  drawn. 

Although  the  thicknesses  already  mentioned  represent  a  fair  average 
of  the  whole,  I  descended  one  mine  where  the  seam  was  82  feet  in 
thickness ;  and  in  another  place,  after  taking  oflf  40  feet  of  superiu- 
cmnbent  rock,  an  anticlinal  axis  was  bared,  from  which  in  a  face 
averaging  50  feet  in  thickness  the  coal  was  quarried. 

At  page  657  some  rates  of  labour  are  given;  but  at  the  periods 
of  highest  prices  the  hewers  earned  from  8  to  10  dollars  per  day  and 
ordinary  labourers  in  the  mines  8  dollars.  At  the  period  of  my  visit, 
ia  1874,  the  former  class  was  getting  4  to  5  dollars  and  the  latter  2 
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dollars.  The  period  of  labour  for  men  working  on  contract  was  a^ 
honxB,  for  daymen  working  at  the  snrfisce  ten  honrs,  and  for  tboK 
underground  nine  hours. 

In  1876  I  visited  the  Schuylkill  anthracite  region,  when  I  im 
informed  that  the  coal  there  could  be  worked  for  78  cents,  fer  toa 
(26.  lid.  at  the  then  rate  of  exchange),  of  which  about  one-third  wm 
for  expenses  of  breaking  and  sorting.  At  other  collieries  a  ooet  d 
1*80  dollars  per  ton  was  given  (4s.  lOfd.)  The  vein  of  coal  in  one 
colliery  I  visited  was  named  as  having  a  thickness  of  48  feet.  He 
mines  are  about  110  miles  from  Philadelphia,  and  the  ayerage  does  are 
about  *85d.  per  ton  per  mile,  which  includes  cost  of  patting  on  board. 

The  prices  given  me  in  1874,  as  being  paid  at  the  pits  for  fimiaoe 
coal,  was  lis.  7d.;^  which  with  carriage  of  40  miles  bronght  up  the 
cost,  depressed  as  the  iron  trade  was,  to  16s.  7d.  delivered  at  the 
furnaces.  At  another  work  the  price  given  was  168.,  and  at  a  third 
distant  84  miles  from  the  pit  the  price  at  the  furnaces  was  16s.  11^ 
At  this  work,  a  few  years  previously,  the  same  ccal  had  been  laid 
down  at  the  furnaces  at  7s.  6d. 

In  some  cases  this  coal  is  conveyed  for  great  distances  for  iron 
making,  involving  heavy  charges  for  carriage.  Thus  at  Lake  Champ- 
lain  it  cost,  in  1874,  24s.  to  26s.  laid  down  at  the  furnaces. 

As  a  mere  question  of  suitability  for  furnace  work^  there  is  no 
doubt  that  anthracite  is  inferior  to  coke.  This  does  not  arise  from 
any  tendency  of  this  variety  of  coal  to  cake,  as  the  splint  coal  of  Scot- 
land does  to  a  certain  degree.  On  the  contrary  I  picked  up  pieces  of 
anthracite  twice  the  size  of  a  man's  fist,  and  found  on  breaking  them 
that  internally  they  had  all  the  characteristic  lustre  of  the  original 
coal.  The  defect  of  this  kind  of  fuel  is  its  tendency  to  decrepitate, 
and  thus  impede  the  passage  of  the  blast.  To  overcome  this  obstruc- 
tion, blast  is  commonly  used  at  a  pressure  of  7  lbs.  per  square  inch; 
and  I  have  found  instances  of  12  lbs.  being  used.  In  consequence  of 
the  inconveuience  just  referred  to,  the  chargers  do  not  fill  any  smaD 
which  may  be  produced  by  handling,  in  loading  or  unloading  the 
wagons  which  bring  the  coal  from  the  mines.  This  precaution  in- 
volves a  rejection  of  8  to  18  per  cent,  of  the  whole,  which  has  to  be 
used  for  other  purposes. 

>  Dollar  taken  at  8s.  S^d. 
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On  looking  oyer  the  notes  taken  npon  the  occasion  of  several  visits 
to  smelting  establishments  using  anthracite  coal  in  the  United  States, 
I  have  arrived  at  the  conclusion  that  in  furnaces  up  to  60  feet  or 
thereabouts  in  height,  blown  with  air  at  750^  to  800°  F.,  85  to  37} 
cwtB.  of  coal  is  used  for  a  ton  of  foundry  grey  iron,  the  average  make 
being  under  300  tons  per  week.  The  yield  of  the  ore  was  equal  to 
50  per  cent,  of  pig,  but,  owing  to  the  flux  containing  a  considerable 
quantity  of  carbonate  of  magnesia,  20  to  25  cwts.  of  limestone  were 
used. 

By  raising  the  furnaces  to  a  height  of  70  to  75  feet,  with  a  capacity 
of  something  over  8,000  cubic  feet,  and  by  using  well  selected  coal 
burnt  with  air  at  1,100°  to  1,200°  F.,  the  consumption  of  anthracite 
is  reduced  to  23  to  25  cwts.  per  ton  of  iron ;  but  it  does  not  appear 
that  the  weekly  produce  exceeds  that  of  the  smaller  fdmaces. 

My  Mend  Mr.  Witherbee  read  a  paper  on  the  use  of  anthracite, 
reported  in  the  *'  American  Mining  Journal."  The  results  were  very 
favourable,  but  in  this  case  the  blast  reached  nearly  1,400°  F.  Mr. 
Witherbee's  figures  are  as  follows : — 


U7S.             Weekly  ICake.  AT.Qnality.    Yield  of  On. 

Na             Per  Oenk 

Ooelnied. 
Owta. 

TemD-otBli 

September    ...    2S9f      ...    l*ei     ... 

64-4 

...     24-1 

...       1,386 

October        ...    294|      ...    IGO    ... 

59-2 

...     281 

...       1,870 

NoTember    ...    291^    ...    1*96    ... 

65*6 

...     281 

...       1,897 

December     ...    282^    ...    1*96    ... 
Janmuy       ...    291-^    ...    2*06    ... 

64*8 

...     22-7 

...       1,898 

53-5 

...    22*6 

...      1,884 

These  figures  point  to  the  conclusion  that  in  high  furnaces,  blown 
with  air  from  firebrick  stoves,  it  is  possible  to  obtain  a  ton  of  iron  with 
a  consumption  of  about  24  cwts.  of  anthracite  coal ;  which  is  about 
15  per  cent,  more  than  is  required  of  best  Durham  coke.  It  must  be 
recollected,  however,  that  although  this  variety  of  fuel  is  very  poor  in 
volatile  matter,  it  is  by  no  means  to  be  regarded  as  always  consisting 
exclusively  of  fixed  carbon  and  ash.  This  is  apparent  from  the 
following  analyses: — ^ 


'Tniuactionfl  American  Institate  Mining  Engineers.     Fbper  by  Professor 
Fraier,  jun.    VoL  VI.,  p.  480. 
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KuK«  of  Ooftl. 

Fixed 
Oarbon. 

Volatfle 
Matter. 

Jka 

1. — Rhode  IslaDd        

77-00 

•  •  • 

3-00 

...     20-00 

2. — Nesquehonlng      

86-60 

■  •  • 

6-40 

...       7-00 

3. — Summit  Mines,  Lehigh  County ... 

88-50 

•  •  • 

7-50 

...       4-00 

4. —           Do.                   do. 

87-70 

•  ■  • 

6-60 

...       6-70 

5. — Tamaqoa 

92-07 

•  a  • 

603 

...       2-90 

6.—     Do. 

89-20 

•  •  ■ 

4-54 

...       6-26 

7. —     Do 

87-46 

•  »• 

7-56 

...       6-00 

8. — Beaver  Meadow 

88*20 

•  •  • 

7-50 

...       4-30 

9. — Schenoweth  Bed 

90-20 

•  «  • 

2-52 

...       7-28 

10.— Third  Coal,  PottsviUe      

94-10 

■  •  • 

1-40 

...       4-SO 

11. — Forest  Improrement       

89-20 

•  ■  ■ 

6-40 

...       5*40 

12. — Sharp  Mountain 

9070 

•  •• 

8-07 

...       6-23 

Among  these  it  will  be  perceived  that  some,  such  as  Kos.  5  and  10, 
containing  92*07  and  94*10  per  cent,  of  fixed  carbon,  are  almost  equal 
in  point  of  chemical  composition  to  the  best  Durham  coke ;  while 
others  have  a  composition  which  easily  explains  the  reason  of  the 
larger  quantity  of  anthracite  used  in  smelting  a  ton  of  pig  iron.  In 
some  cases,  where  the  fixed  carbon  in  this  natural  coke,  so  to  speak, 
approaches  that  found  in  the  best  English  coke,  the  duty  of  the  fonner 
appeai-s  inferior  to  the  latter  by  about  10  to  15  per  cent. 

Goal  of  Pittsburg. — The  valleys  of  the  Toughiogheny  and  Monon- 
gahela,  in  the  neighbourhood  of  Pittsburg,  contain  immense  resources  of 
bituminous  coal,  fit  for  the  iron-smelter's  wants.  The  district  known  as 
Connellsville  occupies  the  foremost  place  as  a  coke-produdng  centre. 
I  was  informed  by  a  large  firm  engaged  in  the  trade,  that  the  coking 
seam  there  has  a  thickness  of  11  feet,  and  is  frequently  obtained  from 
levels  which  pierce  the  sides  of  the  rising  ground.  The  workings  are 
neither  troubled  with  gas  nor  water.  The  hewers,  who  load  the  traina, 
work  about  8|  tons  in  8  hours'  actual  labour.  For  this  amount,  in 
1874,  they  were  receiving  8  dollars.  At  the  then  value  of  paper  ciff- 
rency  (3s.  9]|d.)  I  estimated  the  cost  of  a  ton  of  coal  at  the  pit  to  be 
4s.  6d.,  which  included  6d.  per  ton  for  royalty. 

I  cannot  say  that  the  coke  made  from  the  Connellsville  ooal,  high 
as  its  reputation  is  in  the  American  ironworks,  always  impressed  me 
strongly  in  its  favour.  This  may  be  accounted  for  by  the  amount  of 
foreign  matter  it  sometimes  contains ;  for,  according  to  the  Geol(f;ic8l 
Survey,  it  is  stated  to  contain  12  per  cent,  of  ash. 
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The  following  analyses  of  the  coal  used  in  the  ConnellsYille  ovens 
are  copied  from  the  Geological  Survey  of  Pennsylvania,  1876-8,  p.  11 


YolAiUe.    ] 

ITized  Carbon. 

Sulphur. 

Aah. 

Water. 

Roof  coal 

38-490 

45*895 

2-905 

11*690 

1020 

-  100 

>» 

36-770 

51*467 

2098 

8-890 

•775 

=  100 

Upper  bench  ... 

40-510 

41-324 

7-666 

9090 

1-510 

«  100 

»» 

37-375 

54*561 

1-499 

4*476 

1-730 

-  100 

»>             ••• 

40-350 

50-311 

2*594 

5*665 

1080 

=  100 

>f 

35-830 

58154 

•761 

4-075 

1*180 

=  100 

Main  bench    ... 

36-490 

59051 

•819 

2*610 

1-030 

=  100 

„             ... 

87-226 

56-608 

•982 

4-145 

1140 

=  100 

»             ••• 

35-580 

54185 

1*290 

5-096 

•850 

«  100 

Lower  bench  ... 

38-720 

40-253 

3*722 

16-176 

1-130 

=  100 

„             ... 

85-275 

58-167 

•758 

4-660 

1-140 

«  100 

»»             ••• 

36*880 

56-829 

•796 

4-070 

1-425 

-  100 

» 

34-655 

60*414 

•766 

3045 

1-120 

«  100 

M                                    ..• 

.34125 

57-979 

586 

6020 

1-290 

«  100 

The  above  are  apparently  from  different  parts  of  the  seam,  taken 
from  different  localities.  Those  which  follow  are  not  so  distinguished, 
and  are,  it  is  to  be  supposed,  the  average  of  the  bed. 


Origin 
Near  Monongahela  City 


» 


n 


>» 


Westmoreland  County  (dack) 


Volatile. 

35  075 
35-315 
35-350 
35-420 
36-810 
29-330 


w 


» 


(small  coal)  28145 
27*365 


Fixed 
Carbon. 

55030 
57*332 
55*010 
60-587 
65'312 
57-399 
58-511 
49-651 


Indiana  County 


27-385    49-748 


Sol- 
phur. 

1-910 
•648 
•895 
•658 
-643 

1-308 

1-019 
-859 

3017 


Aih. 

Water. 

7-335 

•650 

» 

100 

5-595 

1110 

= 

100 

7-745 

1-000 

« 

100 

2165 

1-220 

» 

100 

6*345 

•890 

« 

100 

11063 

-810 

« 

100 

11-115 

1-210 

« 

100 

21-195 

•930 

« 

100 

19000 

-850 

s 

100 

I  find  the  average  of  the  23  samples  is  5^-04  of  fixed  carbon  and 
7'87  of  ash,  together  62'9  per  cent,  of  carbon  and  ash.  According  to 
the  laboratory  returns,  the  average  yield  of  coke  of  the  same  samples 
works  out  to  68*57  per  cent.,  which  would  leave  '&&  for  sulphur.  It 
happens  that  these  examples,  taken  at  random  from  many  others, 
would  indicate  a  content  of  12*38  per  cent,  of  ash  in  the  coke,  which 
corresponds  closely  with  the  information  obtained  in  the  country. 
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The  average  snlphnr  in  the  28  samples  of  cxmJ  is  1*65  per  cent.  If 
one  half  of  this,  sapposing  it  to  exist  as  Fe  S,,  be  expelled,  we  have 
'825  left  in  the  coal ;  and  this,  concentrated  in  the  ooke,  wonM  rqn- 
sent  1*29  per  cent,  in  the  latter. 

In  smeltins:  ore,  chiefly  from  Lake  Superior,  giving  64  per  osit  of 
iron,  with  air  heated  to  950^  F.,  25  cwt.  of  Connellsville  coke  was 
being  nsed,  upon  the  occasion  of  mj  visit,  for  grey  forge  iron.  The 
fomace  was  75  feet  high,  with  18-feet  boshes,  and  the  limestone  n;9ed 
was  15  cwts.  per  ton  of  pig.  This  is  an  excessive  consumption  of 
coke,  but  it  is  only  right  to  state  that  the  furnaces  in  the  neighbour- 
hood of  Pittsburg  are  frequently  driven  at  an  unusual  speed,  600  to 
610  tons  per  week  being  often  produced.  In  later  years  the  make,  I 
learn,  has  sometimes  reached  1,000  tons  per  week.  In  1874  the  price 
of  Connellsville  coke  was  lOs.  6d.  delivered  at  the  frimaoes — ^the  dift- 
tanoe  of  the  ovens  being  60  miles.  From  another  source  I  was 
informed  that  the  price  of  Connellsville  coke  was  only  about  6s.  at 
the  ovens. 

Since  the  foregoing  on  the  Connellsville  coke  was  written,  I  am 
indebted  to  my  friend  Mr.  Jos.  D.  Weeks,  of  the  "Iron  Age,"  for  an 
interesting  article  on  the  same  subject.  He  first  gives  the  average 
annual  values  of  Durham  coke  at  the  ovens,  which  are  as  follows : — 

1870.     1871.     1871     1873.     1874.     1878.     1878w      1877.     1878.     1879.     1880i     188L     JUL 
10^      12^      SQ/B      4<W       ny-      U/-       U/6      11/S      1(V-       11/-       Ui«      U/.      UUiL 

These  prices,  it  will  be  found,  do  not  exactly  correspond  with  the 
quotations  given  at  page  612. 

Mr.  Weeks  admits  the  inferiority  of  Connellsville  coke  as  compared 
with  that  of  Durham,  but  as  he  justly  observes  the  market  price  of 
the  former  (1884)  is  also  much  lower,  viz.,  1'12  dollars  or  48.  8d.  at 
the  ovens ;  a  rate  never  heard  of  in  Great  Britain.  He  gives  the  field 
which  yields  the  coal  as  having  an  area  of  150  to  180  square  miles, 
situate  at  a  distance  of  60  miles  from  Pittsburg.  Twenty-five  tons 
have  been  dug  and  loaded  in  ten  hours  by  a  man  and  a  boy,  the  chief 
labour  being  loading.^  The  seam  is  8  to  10  feet  in  thickness,  from 
which  the  miners  average  6  tons  per  diem,  and  for  this  they  receive  30 
cents  (Is.  8d.)  per  ton,  say  1*80  dollars  or  78.  6d.  per  day,  including 
the  loading.* 

^  This  greatly  exceeds  anything  I  heard  of. — I.L.B. 

'  The  currency  being  now  in  gold  the  dollar  ia  reckoned  at  4a.  2d. 
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Mr.  Weeks  then  proceeds  to  contrast  the  earnings  of  the  Oonnells- 
ville  workmen  with  those  of  Dorham,  as  follows : — 


OonneUsTllle. 
OlMi  of  Lftboar.         Hoars. 

Minera 7  to  10 

ATerage 

DaUy 

Earnings. 

DoUaxH. 

1-84     ... 

County  of  Durham. 
dasB  of  Labour.         Hours. 

Hewers 7^ 

ATsrage 

Daily 
Earnings. 
Dollars. 

.     115 

Deputies 

...      10 

200     ... 

Under-bosg 

8       ... 

1-88 

DriTers 

...      10 

1-50     ... 

Drivers  ... 

10      ... 

38 

Firemen 

...10  to  12 

1-76     ... 

Firemen... 

llj     ... 

•85 

Stablemen 

...      12 

1-60    ... 

Horsekeepers 

11       ... 

•73 

Dampen 

...   8  to  10 

1-62     ... 

Banksmen 

10      ... 

■97 

Trackmen 

...   8  „  10 

1-88     ... 

RoUeywajmen 

11       ... 

•97 

Onsettere 

...   8  „  10 

1-76     ... 

Onsetters 

10      ... 

•95 

Hanlen 

...   8  „  10 

1-88    ... 

Putters  ... 

10      ... 

.      ^79 

According  to  these  figores  the  men  in  the  American  mine  average 
exactly  double  the  earnings  of  those  in  the  County  of  Durham.  The 
same  difference  appears  to  hold  good  with  the  men  engaged  at  the 
coke  OTcns. 

A  large  quantity  of  coal  being  raised  in  the  vicinity  of  Pittsburg, 
a  considerable  weight  of  small  is  thrown  into  the  market.  This  is 
disposed  of  at  a  mere  nominal  price.  It  is  then  washed  and  coked, 
the  coke  costing  about  4s.  to  5s.  per  ton.  With  blast  at  950^  F.  and 
in  a  furnace  76  feet  by  20  feet,  26  cwts.  of  this  coke  from  washed  coal 
was  used  for  hard  iron,  and  80  cwts.  for  Bessemer  pig. 

Ohio  Black  Coal — I  examined  some  mines  near  Youngstown  pro- 
ducing a  laminated  splint  coal,  which  is  used  raw  in  the  blast  furnaces 
of  the  Chenango  and  Mahoning  Yalleys.  The  furnaces  in  use  when 
I  was  in  that  country  were  small,  and  although  they  were  using  very 
rich  ore— yield  66  per  cent. — and  only  10  cwts.  of  limestone,  2  to  2J 
tons  of  coal  were  being  consumed  per  ton  of  iron.  The  cost  delivered 
at  the  furnaces  was  5s.  7|d.  in  1874,  reckoning  the  paper  dollar  at 
8s.  9id. 

West  Virginian  Coal. — A  considerable  quantity  of  coal  is  worked 
by  levels  which  run  into  the  mountains  which  form  the  valley  of  the 
New  River.  The  yield  of  coke  is  very  like  that  of  South  Durham, 
viz.  65  per  cent,  in  beehive  ovens.  The  coal  is  so  cheaply  worked 
that  the  coke  delivered  at  the  Quinnimont  fiimace  only  cost  about 
9s.  6d.  per  ton  in  1875.  Using  an  ore  containing  43  per  cent,  of 
iron,  and  as  much  as  26  cwts.  of  limestone  per  ton  of  iron,  80  cwts.  of 
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the  coke  snffioed  to  make  a  ton  of  grey  No.  2  iron.     The  coal  oontttcs 
above  75  per  cent,  of  fixed  carbon,  and  the  coke  has  the  following  cgib- 

poflition : — 

Oarbon.  Aifa.  Sulphur. 

Qoinnimont  coke,  dry   ...    93*83        ...        6*85        ...         -SO     «     10006 

Do.  do.  98*11        ...        5*94        ...         -82     »       99*87 

The  furnace  is  60  by  15  feet,  blown  with  air  at  800*^  P. 

Goal  in  Kentucky, — ^The  coal  I  had  an  opportunity  of  examining 
was  that  obtained  from  the  eastern  division  of  this  State,  which  supplies 
the  Hanging  Bock  iron  furnaces  with  fuel.  This  coal-field  has  been 
estimated  to  contain  nearly  9,000  square  miles.  From  the  analyses  1 
have  seen,  it  does  not  appear  to  be  very  rich  in  fixed  carbon,  which 
varies  from  58  to  59  per  cent.  The  beds  vary  from  3  to  5  feet  in 
thickness,  and  the  cost  at  the  pit  was  given  me  in  1874  at  4s.  3<L 
per  ton:  a  hewer  being  able  to  cut  3|  to  4  tons  of  large  coal  for  a 
day's  work,  by  which  he  earned  8s.  to  9s.  Nearly  half  a  ton  of  small 
is  produced,  but  this  being  worthless  the  workman  receives  no  pay 
for  it.  It  is  used  raw  in  the  blast  furnace,  but  is  not  a  strong  coal, 
and  is  apt  to  fall  into  small  pieces.  For  forge  iron  40  cwts.  were 
given  as  the  smallest  rate  of  consumption,  and  for  foundry  as  much 
as  50  to  60  cwts.  per  ton  of  pig.  The  furnaces,  generally  speaking, 
are  of  moderate  dimensions,  although  one,  at  the  Etna  works,  was 
then  in  course  of  construction  87^  feet  high,  with  boshes  of  18  feet 

Goal  in  Alabama, — In  1874  very  little  had  been  done  in  opening  up 
coal-fields  in  this  State  for  iron-making  purposes.    Two  furnaces  had 
been  erected  by  the  Red  Mountain  Iron  Co.,  but  they  were  in  liquidation 
at  the  period  of  my  visit.    Since  then  they  have  passed  into  other 
hands,  and  are,  I  am  informed,  doing  well.    I  went  into  one  heading, 
in  the  Cahawba  coal-field,  but  the  seam  was  there  only  a  little  above 
8  feet  thick.    I  also  examined  a  mine  in  the  so-called  Warrior  coal-field. 
Access  to  it,  as  in  the  case  of  the  previous  one,  ^^as  by  means  of  a 
drift.     The  coal  was  also  3  feet  thick,  and  the  men  were  cutting 
about  2J  tons  per  shift,  for  which  they  were  receiving  2  to  2^  dollars 
(7s.  e^d.  to  9s.  5d.  at  the  then  value  of  the  paper  dollar).     The  coal 
appeared  soft.    At  another  colliery  the  coal  was  dirty,  and  required 
washing  before  it  was  coked.    This  concern  was  largely  worked  with 
convicts,  farmed  from  the  State  for  75  cents  per  day,  which,  with 
food,  clothing,  and  watching,  brought  the  cost  up  to  about  one  dollar. 
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The  best  coal  from  the  Warrior  field  had  been  tried  by  a  railway 
oompaiijy  and  fonnd  qnite  equal  to  that  of  Pittsburg  and  Eeutucky 
for  locomotive  purposes. 

The  Alabama  coal,  so  far  as  I  could  learn,  is  highly  bitmninous, 
and  like  that  of  Eastern  Kentucky  is  low  in  fixed  carbon.  The  fol- 
lowing analyses  are  copied  fi*om  '*  Macfarlane's  Coal  Segions  of 
America:" — 

LerelBed.   Halbexry  Qnek.  ^»"^»' 


Volatile  combustible 

...     86-61 

...     36-68 

...    34-49    . 

..    40-60 

Fixed  carboa 

•  •  • 

...     57-42 

...    57-23 

...    60-09     . 

..    64-07 

"Hfl    •  •  •             •  •  • 

•  ■  t 

...      6-3X 

...      5-80 

...      4-82    . 

3-09 

Sulphur 

« •  • 

...     trace 

...     trace 

...        -17    . 

106 

Moisture      ... 

•  •  • 

.76 

•79 

•93    . 

1-18 

• 

100- 

100- 

100- 

100-  . 

According  to  an  analysis  of  the  coal  of  one  of  the  collieries  I 
Tisitedy  viz.  that  of  the  Newcastle  Coal  and  Iron  Company  in  the 
Warrior  coal-field,  the  content  of  fixed  carbon  considerably  exceeds 
that  given  above.    It  is  as  follows  :^ — 


"VolMile  Combostibla.    Fixed  Carbon.  Ash. 

26-U        ...        71-64      ...      2-03 


Snlxdlior. 
•10 


MotataVB. 
•12     - 


100 


There  is  however  some  inconsistency  in  the  statements  which 
follow,  for  the  author  mentions  43,800  lbs.  of  coal  having  only  given 
24,090  lbs.  of  coke  in  a  gas  work,  which  is  a  yield  of  only  65  per  cent.* 
The  gas  obtained  was  at  the  rate  of  10,976  cubic  feet  per  ton  of  coal, 
having  an  illuminating  power  of  14-5  candles. 

It  would  have  been  premature  to  speak  of  the  cost  of  working  the 
coals  in  Alabama  at  the  period  of  my  visit,  because  the  output  at  any 
one  mine  did  not  exceed  800  tons  per  day.  On  the  other  hand,  the 
mines  being  recently  opened  out,  the  expenses  attending  the  working 
coal  close  to  the  drift  mouth  were  much  less  than  they  would  be  at  a 
later  period.  Very  low  prices  were  given  as  suflBdng  to  cover  all 
expenses :  in  one  case  it  was  less  than  38.  exclusive  of  royalty,  for 
which  there  was  nothing  to  pay. 

In  the  work  akeady  quoted — "Hill  Country  of  Alabama*' — ^pub- 
lished in  1878,  it  is  stated  that  the  cost  on  a  large  output  should  not 

1  *<  HiU  Country  of  Alabama,"  p.  46. 

'  Posribly  no  allowance  is  made  for  the  coal  consumed  in  firing  the  retorts. — 
I.  L.  B. 

00 
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exoeed  1*75  dollars  per  ton  put  into  railway  waggons.  Other  aathor 
ities  express  a  belief  that  the  coal  can  be  worked  for  Ss.,  but  thiot 
it  safer  to  reckon  upon  6s.  All  these  speculations  are  so  entireyr 
dependent  on  the  cost  of  labour  that  it  is  useless  to  pursue  the  inqnizy. 
All  that  need  be  said  at  present  is,  that  with  six  seams  of  coal  froiB 
8J  to  4  feet  in  thickness,  I  saw  nothing  to  induce  me  to  think  Ijnt 
they,  with  labour  at  the  same  price,  could  not  be  worked  as  cheaply,  w, 
as  long  as  the  produce  was  obtained  by  drifts,  perhaps  even  more 
cheaply  than  coal  was  got  in  most  pari^  of  the  world. 

In  the  event  of  the  Alabama  coals  proving  suitable  for  iron 
making,  of  which  there  is  little  doubt,  their  importance,  in  an  indna- 
trial  point  of  view,  will  be  immense,  on  account  of  the  inexhaustiUe 
beds  of  ore  which  are  to  be  found  in  close  proximity  to  the  coal- 
bearing  strata. 

Coal  in  Georgia. — I  only  had  an  opportunity  of  visiting  one  coal  mine 
in  this  State.  I  measured  the  seam  at  the  face,  where  it  varied  from  ^ 
to  7  feet  in  thickness,  but  it  often  was  as  low  as  3  feet.  The  average 
was  considered  to  be  4|  feet.  One  hundred  and  fifty  convicts  woe 
employed  here,  whose  cost  was  mentioned  as  being  80  cents  per  day. 
They  worked  as  well  as  men  earning  2  to  2|[  dollars.  The  price  paid 
for  free  labour,  hewing  and  loading  into  trains,  in  1874,  was  2s.  7^ 
(70  cents  paper)  per  ton  of  large  and  small.  Forty  coke  ovens  were 
at  work,  the  labour  at  which  I  calculated  to  cost  Is.  Id.  per  ton.  Hie 
coal  is  so  soft  that,  as  the  proprietor  informed  me,  a  man  could  hew 
7  tons  per  day,  and  5^  tons  would  be  an  easy  day's  work.  As  a  fact^ 
much  less  than  either  of  these  quantities  was  got. 

Coal  in  Tennessee, — This  State  possesses  very  large  resources  in 
coal.  One  working  I  went  into  was  approached  by  a  level.  The 
coal  had  a  thickness  of  3^  to  4  feet.  In  1874  I  made  out  the  cost 
of  hewing  and  loading  to  be  2s.  7^d.  per  ton,  and  that  the  total  cost 
was  5s.  3d.  Each  hewer  worked  70  cwts.  for  his  day's  work.  To  my 
eye  the  coal  from  this  colliery  was  dirty,  and  the  coke  made  from  it 
is  described  in  my  notes  as  rough,  brittle,  and  slaty.  Kevertheless, 
from  a  work  on  the  resources  of  Tennessee,  the  analysis  of  the  ooal^ 
as  I'egards  ash,  seems  highly  favourable : — 

88-87      ...      66-44      ...      3-66      ...      1-04     -     100      ...      -59 
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The  compositions  of  other  samples  from  this  State  are  giyen  as 
follows : — 


YolatQe 
Oombustibl«. 

Fixed  Carbon. 

Ajh. 

Moiitmre. 

Sal^nr  In 
ParOei 

88-82 

■  *  • 

67-62      ... 

2-67 

•99     - 

100 

...        13 

27-70 

•  •  • 

6310      ... 

770 

...       1-50     - 

100 

...       -45 

8010 

•  •  « 

65-80      ... 

2-80 

...       1-30     - 

100 

...       -52 

29-90 

•  •« 

63-60      ... 

6-60 

•  •  •                 ^"^            ^^ 

100 

•  •  • 

I  had  an  opportmiity  of  witnessing  the  duty  performed  by  coke  in 
the  blast  fiimace  near  Chattanooga ;  and  there  certainly,  neither  as  to 
appearance  nor  dnty,  was  I  favourably  impressed  with  its  quality.  In 
using  an  ore  yielding,  in  a  famace  68  feet  in  height,  48'7i  per  cent, 
of  pig,  the  coke  used  for  foundry  iron  was  88'84  cwts.  per  ton.  At 
this  establishment  it  is  only  right  to  mention  that  the  heating  stoves 
were  deficient  in  power. 

At  another  work,  with  an  ore  yielding  58'7  per  cent,  of  pig  iron, 
and  with  a  consumption  of  9^  cwts.  of  limestone  per  ton  of  metal, 
the  consumption  of  fuel  was  18*28  cwts.  of  coke,  used  with  12*57 
cwts.  of  raw- coal  for  forge  pig. 

With  regard  to  the  cost  of  this  Tennessee  coal,  my  information 
leads  me  to  set  it  down  at  5s.  to  5s.  6d.  per  ton. 

With  the  exception  of  the  anthracite  beds,  the  whole  of  the 
American  coal-fields  mentioned  in  the  preceding  pages  belong  to  one 
huge  deposit.  In  shape  it  is  an  irregular  isosceles  triangle,  with  a  base 
of  about  150  miles,  commencing  about  fifteen  miles  from  Lake  Erie. 
The  perpendicular  runs  in  a  south-westerly  direction  over  a  distance 
of  above  500  miles,  constituting  probably  the  largest  known  coal-bearing 
area  in  the  world.  At  its  north-east  angle  it  is  about  150  miles  from 
the  harbour  of  New  York.  Its  eastern  flank  is  little  more  than  100 
miles  from  the  port  of  Baltimore;  but  further  south  towards  Tennessee 
it  recedes  from  the  Atlantic  to  a  distance  of  250  to  800  miles.  The 
nearest  points  of  the  anthracite  beds  to  the  ocean  are  New  York  and 
Philadelphia,  both  cities  being  separated  from  these  coal-fields  by  a 
distance  of  50  or  60  miles  only. 

Coal  in  Tllmais  and  Indiana. — ^The  information  respecting  American 
coal  mines  referred  to  in  the  present  section  is  all  derived  from  personal 
visits.    I  had  an  opportunity  of  inspecting  certain  iron  works  in 
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Illinois  and  Indiana,  and,  although  I  did  not  visit  the  collieries  sicoitie 
on  the  immense  coal-field  which  covers  a  large  area  of  these  states,  I 
obtained  many  particulars  of  their  produce. 

The  fdmaces  using  it  were  62  feet  high,  with  boshes  of  onlj  11  feeli 
blown  with  air  at  800°  to  900°  P.  The  ore  used  yielded  60  to  65 
per  cent,  of  pig,  for  every  ton  of  which  12^  to  13  J  cwts.  of  limestone 
were  consumed.  The  fuel  required,  taken  over  periods  of  &nr 
weeks,  varied  from  80  to  82  cwts.,  which  consisted  of  five-sixths  of 
raw  coal  and  one-sixth  of  coke.  The  pig  iron  averaged  two-thirds 
foundry  and  one-third  forge,  each  ftimace  running  about  250  tons  pff 
week. 

The  fuel  used  for  smelting  iron  is  chiefly  block-coal,  of  which  the 
following  is  the  composition : — 

Volatile  Oombnstlble.         Fixed  Oarbon.  Aih.  Waiter. 

a4'70  ...  67-30        ...        8*50        ...        4*50     -=     100 

If  this  analysis  represents  an  average  content  of  carbon,  the 
weight  of  this  element  consumed  per  ton  of  pig  is  under  22  cwts., 
which,  looking  at  the  quantity  of  the  fuel  used  in  its  raw  state^  may 
be  considered  as  very  good  work. 

Charcoal — The  abundance  of  iron  ores  in  certain  localities  in  the 
United  States,  and  the  great  distances  which  separate  the  mines  from 
the  colliery  districts,  preserve  the  manufacture  of  iron  by  means  of 
charcoal  from  becoming  an  obsolete  industry.  The  enormous  tracts  of 
forest,  and  the  excellence  of  the  quality  of  the  metal  produced  from 
the  iuel  they  supply,  still  maintain  for  ''charcoal  iron"  a  very  im- 
portant position  in  the  make  of  the  American  blast-iumaces. 

According  to  the  returns  furnished  by  my  friend  Mr.  James  M. 
Swank,  in  his  excellent  reports  of  the  American  Iron  and  Steel  Associa- 
tion, the  following  shows  the  extent  to  which  charcoal  pig  iron  is  still 
manufactured  in  the  United  States : — 

1879.  1880.  1881.  1881 

Bitnminotifl  coal  ...    1,488.978  1,950,205  2»268,264  2,438,078 

Anthracite            ...     1,273,024  1,807,651  1,784462  2,042,188 

Charcoal 368,878  587,558  688,838  G97»906 


3,070,875        4,295,414        4,641,564        5^78,122 
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The  make  of  the  three  kinds  of  iron  have  risen  ahnost  propor- 
tionately with  the  general  increase  in  the  production.  That  of  1882 
was  70  per  cent.  aboTe  that  of  1879,  and  for  the  four  years  just  given 
consisted  of. — 


Percent. 

Percent. 

Percent. 

Percent 

Bitaminous  coal 

•  •  •                 Vf 

45 

48 

.        47* 

Anthracite 

41 

42 

88 

89 

Charcoal 

12 

13 

14 

18* 

100  100  100  100 


Thns  the  make  of  charcoal  iron  in  1882  was  nearly  double  that  of 
1879  and  constituted  in  the  last  mentioned  year  about  18^  per  cent, 
of  the  entire  production.  Cheap  however  as  timber  is  in  the  United 
States,  the  labour  and  cost  of  conveyance  to  the  furnaces  are  such, 
that  the  price  of  charcoal  at  the  furnaces  varies  all  the  way  from  20s. 
to  sometimes  as  high  as  40s.  per  ton.  Important  therefore  as  the 
manufacture  of  this  variety  of  pig  iron  is  in  a  domestic  point  of  view, 
the  high  price  of  the  fuel  employed,  united  to  the  great  distance  of 
the  furnaces  using  it  from  the  sea  coast,  will  probably  prevent  this 
branch  of  American  industry  ever  becoming  an  important  item  in  the 
exports  of  that  nation. 

In  Great  Britain  Messrs.  Harrison  Ainslie  &  Go.  are  the  only 
manufacturers  of  charcoal  iron,  and  according  to  information  kindly 
communicated,  their  make  does  not  reach  2,000  tons  per  annum. 
Their  cost  of  charcoal  varies  from  45s.  to  as  much  as  75s.  per  ton. 

Sweden  and  Austria  are  the  largest  producers  of  charcoal  iron  on 
the  Continent  of  Europe.  In  France  I  imagine  about  5  per  cent,  only 
of  the  pig  iron  made  is  smelted  by  means  of  charcoal,  and  in  the  Zoll 
Verein  the  proportion  is  stiU  less. 

The  cheapest  charcoal  I  have  heard  of  was  obtained  in  Norway, 
where  it  was  chiefly  obtained  from  refuse  timber  from  the  saw  mills. 
It  was  valued  at  20s.  per  ton,  but  this  by  no  means  represents  the 
average  cost ;  which  may  be  taken  to  range  from  30s.  to  40s.  per  ton, 
laid  down  at  the  furnaces.  A  large  portion  of  the  expense  is  often 
incurred  by  having  to  convey  the  charcoal  for  considerable  distances 
over  the  ordinary  country  roads. 
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IRON  ORES. 
Gbbat  Bbttaik. 

In  an  indnstrial  point  of  view  Great  Britain  founded  its  greatness 
as  an  iron  making  centre,  such  as  it  was  in  the  first  three  decades  d 
the  present  century,  on  the  least  vralnable  of  its  ores.  The  famao»  of 
Wales  and  Staffordshire  for  many  years  were  supplied  almost  exclu- 
sively from  nodules,  and  from  thin  bands  of  clay  ironstones,  obtained 
from  the  shales  of  the  coal  measures. 

In  the  year  1880  (v.  p.  455)  only  20*59  per  cent,  of  the  entire 
make  of  the  United  Kingdom  was  made  from  carboniferous  day  iron- 
stones, and  of  this  probably  nearly  one-half  was  obtained  from  ih& 
black  band  of  Scotland  and  North  Staffordshire,  a  variety  of  ore 
discovered  by  David  Mushet  in  the  year  1801.    In  1830  the  total 
make  of  pig  iron  in  Great  Britain  was  678,417  tons,  a  very  insigni- 
ficant quantity  compared  with  our  present  modem  ideas,  but  quite 
large  enough  then  to  place  this  country  at  that  time  &r  above  eveiy 
other  in  this  branch  of  industry.     Soon  after  1880,  aided  by  the 
introduction  of  the  hot  blast,  black  band  conmienced  to  be  largely 
used  in  Scotland,  and  hematites  from  Cumberland  or  Lancashire 
were  also  being  taken  in  small  quantities  to  South  Wales  and  South 
Staffordshire  as  an  admixture  with  the  poorer  clay  ironstones.    In 
1880^  21*04  per  cent,  of  the  entire  make  of  the  kingdom,  close  on 
8,000,000  tons,  was  estimated  to  be  smelted  from  native  hematites, 
and  19'85  per  cent,  from  imported  ores  of  this  class — in  all  40*89  per 
cent,  thus  coming  from  an  ore  but  sparingly  used   before   1830. 
Excluding  hematites  and  carbonates,  the  remainder  of  the  make.  viz. 
88'52  per  cent,  of  the  whole,  is  made  up  of  the  produce  of  the  has 
measm^es,  a  mineral  scarcely  known  to  the  iron  trade  until  after 
1860. 

Middlesbrough. — The  furnaces  of  this  district  are,  as  is  well  known, 
supplied  chiefly  from  the  famous  bed  of  ironstone  of  the  Cleveland 
hills.  I  say  chiefly,  because,  owing  to  the  demand  for  hematite  pig  for 
the  steel  works  and  a  general  depression  in  the  iron  trade,  a  certain 
number  of  the  furnaces  in  the  north-eastern  comer  of  England  ib 

^  The  quantities  of  ores  raised  in  the  United  Kingdom  are  given  np  to  1882; 
V.  p.  454,  but  I  have  preferred  quoting  from  an  analysis  of  the  consumption  given 
at  p.  455. 
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now  smelting  ore  brought  from  Bilbao.  In  1881  however  no  less  than 
6,538,471  tons,  and  in  the  following  year  6^826,314  tons,  were  worked 
from  the  hills  adjacent  to  Middlesbrough. 

Few  words  need  be  said  respecting  the  bed  referred  to.  It  varies 
from  8  to  10  feet  as  an  average  thickness^  and  varies  in  yield  of  pig 
iron  &om  82  per  cent,  at  the  mines  on  the  northern  edge  of  the  bed  to 
25  per  cent,  at  its  more  sonthem  extremity  near  Whitby. 

The  net  earnings  of  a  miner  have  already  been  given  at  page 
517.  The  average  weight  worked  per  man  over  a  series  of  years  is  as 
follows '? — 
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The  actual  rate  for  mining  was  from  lOd.  per  ton,  in  1868,  to 
prices  varying  from  Is.  4|d.  to  Is.  7d.  in  1878  and  1874;  being  an 
increase  of  60  per  cent.  The  price  paid  in  1888  to  the  miners  was 
above  lO^d.  per  ton.  In  all  cases  oil  and  powder  are  found  by  the 
men.  In  1868  the  average  price  of  No.  8  Cleveland  pig  was  about 
44s.;  but  in  1888  the  price  was  only  86s.  lOd.^  so  that,  having  regard 
to  the  value  of  iron,  which  now  regulates  the  wages,  the  cost  of  hewing 
is  considerably  increased  since  the  former  year. 

The  average  earnings  of  the  entire  complement  of  men  above  and 
below  ground,  during  1883,  were  about  4s.  4d.  per  shift.  The  output 
per  man  engaged  in  some  Cleveland  mines  reaches  900  tons  per 
annum.  So  far  as  my  data  enable  me  to  judge,  the  men  in  the  Nancy 
and  Longwy  mines,  working  a  similar  kind  of  ironstone,  do  not  turn 
out  above  500  tons  per  head. 

According  to  the  Government  returns  the  average  numbers  of  tons 
worked  in  the  Cleveland  district  per  man  per  annum  has  been  as 
as  follows : — 
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1874. 

1876. 

1878. 

1877. 

187& 
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The  average  selling  prices  of  ironstone  per  ton  of  20  cwts.  delivered 
at  Middlesbrough  as  a  central  point,  during  the  years  in  question,  are 
given  me  by  the  largest  vendors  in  the  trade  as  under: — 

187a  18n.  1873.  1873.  1871   1876.   1871   ISH.  187&    1879.   188a  1881.  1881  1888. 
58.  5s.  68.  78.  78.  68. 6d.  5s.  6d.  58.  48.8d.  4m.  id.   5s.  5s.  58.  Ss. 

^  These  are  considered  as  the  average  of  the  district.  The  figures  given  p.  520 
were  for  a  few  mines  only. 
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These  qnotations  and  costs  of  labour  may  serve  as  a  means  of 
comparison  witih  other  districts,  some  of  which  latter  I  have  not  visited 
for  many  years. 

The  average  cost  of  transport  of  ironstone  from  the  mines  to  tk 
Middlesbrough  f  omaoes,  may  be  r^arded  as  amoanting  to  Is.  8d.  per  ton. 

The  composition  of  the  ironstone  of  Cleveland  has  already  bea 
given  in  these  pages.  In  practice  65-  to  68  cwts.  of  the  mineral,  as  it 
is  received  from  the  mines,  are  required  to  prodace  a  ton  of  pig  inm. 

LincoInshirB. — The  geological  measures  found  in  the  Olevelaod 
hills  pass  in  a  south-westerly  direction  through  Lincolnshire  and 
Northamptonshire  on  their  way  to  the  English  Channel,  where  ther 
reach  the  sea  in  the  county  of  Wilts.  It  is  in  the  first  two  alone, 
however,  that  the  ironstone  they  contain  has  been  wrought  to  anr 
extent. 

The  mode  of  working  the  ore  in  Lincolnshire  is  very  simple.  A 
bed  of  sand,  2  or  3  feet  in  thickness,  is  removed,  and  in  many  places 
immediately  below  it  is  a  seam  of  ironstone,  measuring  10  to  18  6^ 
from  top  to  bottom.  It  is  so  loose  that  for  Is.  per  ton  it  can  be  pat 
into  wagons.  At  another  quarry  Is.  to  Is.  6d.  was  given  as  the  total 
cost  of  labour  for  working.  In  consequence  of  its  very  cheap  eztrao- 
tion  the  landowners  charge  Is.  per  ton  as  a  royalty.  It  was  sold, 
delivered  at  the  works  which  are  close  to  the  ironstone  workings,  at 
8s.  6d.  in  1874,  and  yielded  at  this  place  34  per  cent,  of  pig  iron. 

The  iron  it  contains  has  no  doubt  been  in  the  form  of  carbonate, 
but  exposure  to  atmospheric  influence  has  converted  it  almost  entirely 
into  a  hydrated  peroxide.  The  mineral  has  a  very  varied  composition, 
changing  at  every  foot  of  depth  in  a  remarkable  degree.  An  analysis 
was  made  of  each  foot,  where  the  bed  had  a  thickness  of  20  feet.  The 
composition  of  the  first  8  feet  is  given  as  examples  of  what  has  just 
been  said: — 

SfUoa.         Lime  mod  Oaxb.  Aaid.  Watar. 
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The  average  of  these  8  feet  is  2872  per  cent,  of  iron  as  it  is  worked, 
and.  82'84  when  dried  at  212°  F.  Some  contains  only  11  to  15  per 
cent,  of  metal,  and,  of  the  whole  20  feet,  above  one-third,  viz.,  7  feet 
contains  less  than  20  per  cent,  of  iron.  The  average  of  the  entire  bed 
at  this  place  is  22*4  per  cent,  as  worked,  and  25*31  per  cent,  when  in 
the  dried  state.  For  the  furnace  the  poorer  portions  are  thrown  back,, 
so  as  to  give  a  mineral  yielding  about  84  per  cent,  of  pig  iron.  It  i» 
worked  raw,  and  requires  no  lime;  indeed  an  admixture  of  a  less 
calcareous  stone  is  needed  for  working. 

Jiorthamptonshire, — ^Near  Bletchley,  the  ore  is  worked  opencast 
from  a  bed  18  feet  in  thickness,  the  covering  of  clay  being  6  or  10 
feet.  It  is  like  that  of  Lincolnshire,  in  the  form  of  a  hydrated 
peroxide.  It  is  so  easily  worked  that  it  only  costs  5d.  per  ton  to  put 
it  in  wagons.  The  royalty  varies  from  6d.  to  Is.  per  ton.  Instead  of 
being  calcareous,  as  the  Lincolnshire,  the  Northamptonshire  stone  is 
highly  siliceous.  Labour  is  cheap  here:  the  miners  were  not  receiving 
at  the  time  of  my  visit  above  3s.  2d.  per  day.  The  mineral,  giving  38 
per  cent,  of  pig  iron,  costs  2s.  8d.  to  3s.  9d.  or  4s.  delivered  at  the 
furnaces,  according  to  the  distance  from  the  quarries. 

Scotland. — ^No  place  presents  greater  uncertainty  in  arriving  at  any 
conclusion  respecting  the  cost,  delivered  at  the  furnaces,  of  the  ore 
employed.  The  black  band  in  former  times  was  chiefly  obtained  near 
the  furnaces ;  but  now  when  this  mineral  is  smelted  it  has  to  be  brought 
from  various  distances,  and  being  scarce  it  is  worked  under  circum- 
stances which  have  greatly  increased  its  cost.  The  quantity  deficient 
is  partly  made  up  by  working  clay  band  ironstone,  which  also  varies 
considerably  in  cost  of  extraction  and  in  the  distances  from  which  it  is 
brought.  To  some  extent  also  the  deficiency  of  ore  is  made  good  by 
the  importation  of  the  mineral  from  Spain.  From  a  conversation  I  had 
with  the  late  Mr.  William  Baird,  the  senior  partner  at  Oartsherrie,  I 
believe  I  am  within  the  mark  in  stating  that  at  the  present  moment, 
with  cheaper  labour  than  is  paid  in  North  Yorkshire  and  South  Durham, 
pig  iron  is  costing  60  per  cent,  more  to  produce  than  it  did  in  former 
times,  as  described  to  me  by  Mr.  Baird.  There  is  moreover  an  impor- 
tant difference  between  the  two  periods  in  question,  viz.,  that  when  the 
iron  was  being  cheaply  manufactured  it  was  sold  at  a  high  price,  whereas 
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now  (in  1883)  that  the  expenses  of  production  are  greatly  increased, 
the  present  market  value  of  the  result  is  generally  stated  by  the  mabm 
themselves  to  be  below  cost  price. 

In  1879  I  heard  of  calcined  black  band  being  sold  at  14s.  9d.tt 
the  pits,  to  which  Is.  6d.  had  to  be  added  for  conveyance  to  the  fur- 
naces. This  price  would  leave  a  profit  to  the  mineral  owner,  for  ii 
some  cases  I  heard  of  it  being  raised  at  10s.  to  lis.  at  the  pits.  The 
yield  would  be  about  63  per  cent,  of  pig. 

At  another  work  I  visited  calcined  black  band  was  being  delivocd 
at  the  furnaces  at  18s.  At  the  same  time  I  heard  of  calcined  day 
band  costing  to  buy  10s.  to  138.  per^ton. 

A  hewer  in  the  ironstone  pits  of  Scotland  cuts  abont  1^  tons  of 
raw  black  band  or  1  ton  of  clay  band  for  his  days  work.  The  avenge 
earnings  of  the  staff  engaged  in  an  ironstone  pit  was^  at  the  period 
of  my  enquiry,  only  28.  8d.  per  day.  Nothing  is  allowed  for  honae 
rent. 

At  one  work  the  ironstone  miners  averaged  from  38.  l'51d.  to  Ss.  9d. 
per  day,  and  the  drawers  from  3s.  to  4s.,  working  5  J  days  in  the  weeL 
At  that  time  the  men  were  under  notice  of  a  reduction  of  10  per 
cent. 

South  Staffordshire, — The  native  ironstone  lies  in  thin  bands  or  in 
nodules  embedded  in  shale  of  the  coal  formation.  To  get  the  stone 
the  workman  has  to  excavate  so  much  shale  that  he  only  gets  about 
25  cwts.  for  his  day's  work.  The  actual^cost  of  working  probaUy 
varies  considerably.  Its  market  value  is  about  15s.  per  ton,  yielding 
35  per  cent,  of  pig  iron.  This  prioe^^ual  to  43s.  for  ore  alone 
on  every  ton  of  iron  made  from  it — easily  explains  the  decadence 
of  ironstone  mining  in  this  old  and  celebrated  seat  of  the  iron  trade. 
Considerable  quantities  of  Northamptonshire  stone  are  now  smelted 
in  South  Staffordshire,  costing  about  7s.  delivered,  so  that  the  cost  for 
ore  per  ton  of  pig  will  be  about  one  half  that  obtained  from  native 
ironstone. 

North  Staffordshire. — ^The  ironstone  worked  in  this  district  con- 
sists largely  of  black  band.  In  one  pit  I  descended,  the  property  of 
His  Grace  the  Duke  of  Sutherland,  the  bed  had  a  thickness  of  about 
4  feet.    At  one  ironwork  I  was  permitted  to  visit,  three  seams  of  ore 
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are  found :— (1)  "Black  band,"  14  inches  thick,  lying  on  the  top  of  18 
inches  of  poor  coal;  (2)  "Red  slag  ironstone,"  16  inches  thick,  lying 
above  2  feet  of  poor  coal ;  (3)  the  "  Red  Mine  stone,"  20  inches  thick, 
with  18  inches  of  coal.  Besides  these  there  is  a  bed  of  clay  ironstone 
S^  feet  in  thickness. 

These  valaable  beds  of  ironstone  lie  in  the  carboniferous  measures, 
where  the  seams  of  coal  vary  from  3  feet  to  7  feet  in  thickness.  The 
jield  of  pig  iron  from  the  calcined  minerals  used  was  about  50  per 
cent.  The  coal  was  chiefly  used  raw  in  the  furnace,  and  something 
under  two  tons  was  required  per  ton  of  pig,  a  very  high  temperature 
of  blast  being  maintained. 

m 

This  mineral  field  is  not  a  large  one,  but  as  far  as  it  extends  it  is, 
from  what  has  been  stated,  eminently  valuable. 

Cumberland  and  Lancashire — Bematiies. — For  many  years  the 
chief  importance  of  the  valuable  ores  of  these  two  counties  arose 
from  their  use  as  an  admixture  with  the  poorer  ironstones  of  Stafford- 
Bhire  and  Wales.    This  was  particularly  the  case  in  the  Principality, 
where  the  Welsh  ironstone  did  not  greatly  exceed  25  per  cent. 
of  metal,  and  where  the  employment  of  forge  cinders,  rich  in  phos- 
phorus, required  correction  by  the  presence  of  an  ore  containing  but 
a  small  percentage  of  this  metalloid.     After  the  inyention  of  the 
Bessemer  process,  in  which  a  very  pure  pig  iron  was  indispensable, 
the  demand  for  metal  made  exclusively  from  hematites  increased  so 
greatly  that  ultimately  large  importations  of  foreign  ores  into  Great 
Britain  have  been  required  to  supplement  the  produce  of  our  native 
mines. 

In  Cumberland  and  Lancashire  the  hematite  ore  lies  in  pockets,  as 
they  are  termed,  or  in  veins.  Both  are  so  irregular  in  point  of  size 
and  in  general  conditions  that  it  would  be  impossible  to  say  what  con- 
stitutes the  average  output  per  man.  This  varies,  as  might  be 
expected,  not  only  in  different  mines  but  in  different  places  of  the 
game  mine. 

In  two  of  four  mines  known  to  me  the  average  output  was  a  trifle 
under  15  cwts.  per  day  for  all  the  hands  employed  above  and  below 
ground.  In  the  third  it  was  about  33|  cwts.,  and  in  the  fourth  86 
cwts.  per  diem. 
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The  following  analyses  of  samples  taken  from  the  dep6ts  where  Qns 
ore  is  stored  ready  for  delivery  to  the  furnaces  give  a  Bstir  idea  of  the 
composition  of  the  produce  of  the  Lancashire  mines :— - 


Peroxide  of  iron... 72-21  74*24  70-17  80-90  75-34  7321  76-73  78t)7  7511 
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Metamciron   ...  60-55    51-97    49-12    56-63    62*74    61-25    63-71    64*65    62-68 

The  average  wages  of  all  engaged  above  and  below  gronnd  may  be 
taken  at  4s.  to  4s.  8d.  per  day. 

In  the  present  depressed  state  of  the  trade  the  price  of  ore,  con- 
taining from  51  to  52  per  cent,  of  iron,  is  about  10s.  per  ton,  to  which 
may  be  added  Is.  6d.  for  delivery  at  the  Aimaces. 

Obb  IK  Obbmak  Zoll  Vbbeik. 

Rhenish  Provinces. — ^These  are  an  old  seat  of  the  iron  trade.  In 
the  Lahn  valley  red  and  brown  hematites,  as  well  as  spathose  ore, 
have  been  wrought  for  many  years.  The  aven^  yield  of  the  hema- 
tites in  iron  was  given  me  at  52  per  cent.,  and  the  cost  a  little  above 
10s.  per  ton. 

In  the  coal  district  of  the  Ruhr  clay  ironstone  is  obtained.  There 
is  besides  a  certain  quantity  of  black  band  found  in  Westphalia,  which 
costs  10s.  to  12s.  per  calcined  ton,  yielding  50  to  55  per  cent,  of  pig 
iron.  The  Nassau  red  ores  yield  from  45  to  48  per  cent,  and  were 
quoted  at  13s.  to  15s.  in  1878,  delivei'ed  at  the  furnaces.  The  cost  of 
roasted  spathose  ore,  containing  48  per  cent,  was  given  in  1862  as 
high  as  22s.  per  ton ;  it  is  very  valuable  for  the  steel  makers,  as  it 
contains  8  per  cent,  of  manganese.  In  1878  this  valuable  ore  was 
quoted  at  20s. 

At  the  market  rates  of  ore  and  their  yields  of  pig  iron  I  estimated 
that  in  1878  the  cost  for  ore  per  ton  of  metal  was  as  follows ; — 
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28fl.6d. 

27«. 

Hg. 
888.  6d. 
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At  the  present  time  large  quantities  of  ore  are  brought  in  from 
Bilbao,  which  in  1882  cost  2Ss.  per  ton  delivered  at  the  works.  Since 
that  time  freights  as  well  as  the  ore  itself  have  receded  considerably 
in  price.  Ships  bring  it  to  the  United  Kingdom  and  take  their  chance 
of  finding  a  market  for  it  on  their  arrival.  In  this  way  it  has  been 
delivered  occasionally  at  as  low  a  price  as  10s.  6d.  at  Cardiff,  so  that  it 
is  possible  moderate  quantities  may  now  find  their  way  to  Westphalia 
at  18s.  to  20s.  per  ton. 

Ore  was  being  used  near  Dortmund,  obtained  from  Sauerland, 
which  only  cost  8s.  to  9s.  per  ton  and  yielded  40  to  48  per  cent,  of  iron. 

At  the  period  of  my  visit  very  sanguine  expectations  were  enter- 
tained of  obtaining  supplies  from  a  bed  of  oolitic  ore  in  Hanover.  It 
was  said  to  contain  40  per  cent,  of  iron,  and  to  cost  Gs.  6d.  delivered 
at  the  furnaces,  the  actual  cost  of  extraction  not  exceeding  Is.  8d.  per 
ton :  but  I  have  since  been  informed  that  the  results  have  not  proved 
as  satisfactory  as  were  anticipated. 

OOLITIO  ISOKSTONB  OF  WbSTBBN  QeBMASY  AITD  EASTBBN  FbAKCB. 

The  great  bed  of  this  ore  (corresponding  to  a  great  extent  with 
the  geological  position  of  the  Cleveland  and  Northamptonshire  iron- 
stone) in  thickness  and  point  of  quality  is  at  about  its  best  at  Metz 
and  Luxemburg.  It  commences  near  the  town  of  Luxemburg,  and 
extends  in  great  perfection  to  the  south  of  Nancy,  a  distance  of  about 
70  miles.  It  is  worked  considerably  to  the  south  of  the  latter  town 
by  the  Creusot  Iron  Company,  but  there  the  bed  is  thinner  and  not  so 
rich  in  iron  as  it  is  further  north. 

Department  of  the  Moselle. — ^When  I  first  visited  this  district,  in 
1867>  the  miners  near  Metz  were  being  paid  Is.  T^d.  per  ton  for  work- 
ing the  bed  of  ironstone  mentioned  above.  This  included  working 
the  stone,  loading  it  into  wagons,  and  pushing  them  to  the  main 
roads,  often  a  distance  of  about  100  yards.  Two  men  worked  together 
as  in  Cleveland,  and  in  a  shift  of  10  hours  they  got  4  tons  of  good 
stone.  The  total  cost  of  the  stone  at  that  time  did  not  exceed  2s.  6d. 
per  ton.  The  seam  is  about  13  feet  thick,  and  is  approached  by  a 
level.  Interspersed  in  its  substance  are  thin  irregular  masses  of 
calcareous  matter,  which  contain  only  15  per  cent,  of  iron,  and  are 
rejected  as  ore,  but  are  sometimes  used  as  flux.  The  stone  is  chiefly  a 
hydrated  peroxide,  losing  only  15  per  cent,  on  ignition,  and  hence  is 
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used  uncalcined  in  the  fiirnaoey  in  which  Btate  ifc  yields  37  per  cent,  of 
iron.  Owing  to  the  calcareous  nature  of  the  mineral  little  limestone 
is  required,  and  only  for  foundry  pig.  The  stone  is  easily  reduced, » 
that  in  a  furnace  49  feet  high  a  ton  of  white  iron  in  1875  was  made 
with  22*80  cwts.  of  coke,  partly  brought  from  Saarbriick  snd  paitlf 
from  Belgium,  although  the  blast  had  only  a  temperature  of  350°  C. 
(662°  F.)  By  raising  the  furnaces  to  66  feet,  the  coke  consamed  wm 
reduced  to  20*84  cwts.  For  grey  foundry  iron  however  something 
over  28  cwts.  of  coke  was  formerly  consumed.  Subsequently  the 
temperature  of  the  blast  was  raised  to  440°  G.  (824°  F.),  and  the  con- 
sumption of  coke  was  reduced  in  a  50-feet  furnace  to  21*40  cwts.  tor 
white  iron.  Firebrick  stoves  were  applied  to  a  furnace  of  60  fe^  but 
I  believe  that  no  economy  was  obtained  by  raising  the  blast  above 
500°  C.  (932°  F.),  at  which  temperature  the  coke  for  white  iron  twb 
reduced  to  18*74  cwts. 

In  the  production  of  one  ton  of  foundry  iron,  in  1878,  26  cwts.  of 
coke  were  consumed  in  a  furnace  50  feet  high,  blown  with  air  at 
957°  F. ;  while  in  another  furnace,  58  feet  high,  blown  with  air  at 
1,337°  F.,  the  consumption  for  the  same  quality  was  only  23  cwts.  per 
ton  of  metal. 

In  1878  the  cost  of  the  coke  imported  from  Saarbriick  was  158.; 
from  Westphalia,  17s.  6d. ;  and  from  Belgium,  20s.  per  ton  delivered 
at  the  furnaces.  In  each  case  the  coal  used  at  the  coke  ovens  was 
small,  and  sold  at  a  lower  price  than  the  cost  price  of  the  entire  out- 
put of  the  mine.  The  average  cost  of  conveying  the  coke  from  tic 
mines  in  the  proportions  used  was  about  4s.  to  58.  per  ton,  making 
the  average  cost  about  18s.  or  19s.  at  the  iron  works. 

A  valuable  deposit  of  the  same  ore  as  just  described  is  worked 
near  Longwy  in  the  same  department.  It  is  so  siliceous  that  the 
limestone  added  reduces  the  yield  of  the  mixture  to  25  per  cent 

The  following  analyses  indicate  the  composition  of  this  ore : — 


Si.  0, 

« •  • 

1476 

«  •  • 

25-29 

25-78 

».• 

14-30 

Fe.O, 

•  •  • 

55*58 

•  •  • 

4118 

47-98 

•  • « 

58*66 

FeO 

•  ■  • 

•  •  • 

3-44 

3-69 

•  •  • 

— 

Al,  0, 

•  ■  ■ 

4-61 

•  ■  • 

1-80 

•54 

... 

6-20 

CaO 

•  «  • 

813 

•  •• 

8-91 

5-38 

•  ■  V 

5-30 

MgO 

•  •• 

'94 

•  •  • 

•61 

•61 

... 

1-97 

SO, 

•  >  ■ 

•10 

•  •  • 

trace 

tnce 

•  •  • 

<09S 

P.O. 

•  ■  ■ 

2-21 

«  •  » 

2-68 

2-23 

•  •• 

238 

CO, 

« •  • 

4*91 

«  •  • 

7-62 

4-92 

... 

4-07 

H,  0 

■  •  • 

8-86 

•  •  • 

860 

8-85 

•  .. 

7-41 

SECTION  XVIII.— CHIEF  IBON-PEODUCING  COUNTRIES  COMPABBD.    655 


Luxemburg, — There  are  two  beds  of  ironstone  in  the  locality  I 
Tisited — the  red  and  the  grey ;  the  one  8  to  9|  feet  in  thickness  and 
the  other  abont  11  feet.  They  crop  out  along  a  hill  side^  and^re  won 
in  open  work  as  long  as  the  baring  is  nnder  80  feet  in  thickness,  after 
which  they  are  mined  in  the  ordinary  way.  Two  men  in  12  hours, 
resting  for  meals,  load  a  railway  wagon  holding  10  tons,  for  which 
they  received  (in  1878)  9s.  7d.,  they  finding  their  own  powder  and  oiL 
This  is  equal  to  ll^d.  per  ton,  and  left  3s.  2d.  net  for  each  man. 

Some  of  thcv  iron  exists  as  silicate  and  none  as  carbonate.  The 
metal  is  chiefly  in  the  form  of  a  hydrated  oxide,  the  water  of  hydration 
amounting  to  10  per  cent,  of  the  whole.  The  following  analyses  show 
some  of  the  constituents  of  the  two  seams : — 


Bed  Seam. 

Silica 

...     916 

Iron 

...  37-63 

Alumina   ... 

...    6-42 

Lime 

...  12-60 

Magnesia  ... 

...      -49 

PhospbomB  as  phos.  acid      *778 


Grey  Seam. 

810  . 

34*40  . 

4-60  . 

16-50  . 

.70  . 

•83  . 


42-45 


Othtr  Samples. 


35*50 


31*40 


•855 


*72 


-68 


The  following  are  complete  analyses  of  various  specimens  of  the 
produce  of  the  Luxemburg  mines : — 


SiO, 

... 

Mineral  Gils  L 
...     7-96      810       7-60 

•  •  • 

Minette  Eonge  11. 
916       9-61 

Ifinette  Rouge  IIL 
...    2543    27-40 

Fe.O, 

...  46-19 

49-15 

47-21 

•  •  • 

53-76 

6006 

•  •  • 

52-02 

4247 

FeO 

...      -45 

62 

•  •  • 

•  •  • 

A1.0, 

...    2-05 

4-50 

3-50 

•  •  « 

5-42 

6-30 

•  ■  • 

5-07 

593. 

CaO 

...  18*86 

16-35 

16-82 

« •  • 

11-60 

623 

•  •  • 

4-08 

9-17 

MgO 

...       -58 

•70 

1-53 

•  •  • 

•49 

•39 

•  •  • 

•41 

•50 

MnO, 

...    trace 

trace 

trace 

•  ■  • 

•10 

trace 

•  »  • 

— 

— 

ZnO 

... 

— 

trace 

•  •  • 

trace 

trace 

•  ■  • 

— 

— 

P.O. 

...     1-92 

1-91 

1-75 

•  •  • 

1-78 

1-98 

•  •  k 

1-89 

1-61 

SO, 

...        12 

•09 

*10 

•  •  • 

•093 

•17 

•  •  • 

•05 

•12 

CO, 

...  13-42 

12-71 

13-24 

•  •  • 

872 

4-88 

•  •  • 

3-29 

715 

H.O 

iron 

...     8-34 

6-53 

715 

•  •• 

•  •  • 

8^93 

10-45 

•  •  • 

•  •  ■ 

7-72 

612 

Metallic 

...  31-02 

34-30 

33-21 

37-62 

42-04 

36-41 

29  72 

Thickness  of  bed 

6i.  to  13  feet. 

•  •  ■ 

6i  to  16i  feet. 

•  a  • 

6i  to  9f  feet. 

We  have  thus  a  total  thickness  of  19|  to  39  feet  of  mineral, 
averaging  about  85  per  cent,  of  metallic  iron.  No.  I.  is  the  lowest. 
No.  II.  lies  82i  to  40  feet  above  No.  I.,  and  No.  III.  82^  to  36  feet 
above  No.  II.,  so  that  there  is  approximately  an  average  of  29  feet  of 
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ironstone  beds  oomprised  in  a  space  of  160  feet  of  strata.  It  would 
be  very  difficult  to  find  a  place  richer  in  this  ore  or  where  the  minenl 
is  more  easily  won  than  it  is  in  this  part  of  the  dnchy. 

It  will  be  seen  that  both  seams  are  rich  in  phosphoras,  as  indeed 
is  proTed  by  the  composition  of  the  pig  iron,  as  below : — 

Analyw  of  Lnzembarg  Iron. 
While  Forge  Iron.  Grey  FooBdiy  Ixtm. 

Silicon  '460  ...  2-012 

Phosphonu 1*892  ...  1-902 

Salphur         *431  ...  -OGO 

Including  a  royalty  of  6d.  to  9  Jd.,  the  cost  of  the  Luxemborg  ore 
varies  from  2s.  6d.  to  3s.  per  ton  at  the  mines,  which  are  sometimes 
close  to  the  furnaces. 

The  coke  is  brought  from  Westphalia  and  Belgium.  The  former 
cost  17b.  2id.  in  1878  delivered  at  one  set  of  furnaces,  the  price  at  the 
oyens  being  8s.  4d.  to  9s.  1^.  That  from  Belgium  was  charged 
lis.  lO^d.  at  the  ovens.  The  cost  of  transport  varied  from  48.  9id. 
to  5s.  ll|d.,  or  an  average  of  5s.  3d.,  sp  that  the  averse  cost  at  the 
furnaces  was  17s.  l^d.  The  Westphalian  coke  contained  7^  to  10  per 
cent,  of  ash  and  the  Belgian  11  to  18^  per  cent. 

This  Luxemburg  ore  is  smelted  in  furnaces  58^  feet  high,  with  a 
content  of  about  12,000  cubic  feet.  The  blast  is  heated  to  350  to 
400°  C.  (672  to  762°  F.)  They  were  running  700  tons  of  white  iron 
per  week  at  the  period  of  my  visit  (1872),  but  this  greatly  exceeds  the 
average  hitherto  attained.  In  1872  the  make  of  each  furnace  worked 
out  to  19,280  tons  (of  1,000  kilogrammes),  and  in  1874  to  18,461 
tons,  chiefly  white  iron.  The  coke  consumption  for  this  quality  \tua 
22*60  cwts. ;  but  for  foundry  iron  it  was  very  much  higher.  It  is  not 
usual  to  employ  any  limestone.  As  many  as  100  men  are  required  to 
man  each  furnace,  which  is  more  than  double  the  number  employed 
in  Cleveland. 

Dq>artment  of  the  Meurihe. — The  ironstone  which  commences  in 
Luxemburg  is  worked  very  extensively  in  this  department  between 
Pont  a  Mousson  and  in  the  Nancy  district.  The  beds  which  furnish  it 
are  much  thinner  than  in  the  duchy,  1  to  2  metres  (3^  to  6^  feet)  being 
the  usual  thickness.  It  was  sold  (1878)  at  prices  varying  from  28. 4|d. 
to  3s.  ll^d.  delivered  into  boats  on  the  canal  or  into  railway  wagons. 
The  average  cost  of  extraction  was  given  at  about  2s.  6d. 
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The  richest  ore  I  heard  of  contains  45*91  per  cent,  of  iron,  but  the 
average  is  not  above  37  per  cent.  The  ore  generally  contains  10  to 
16  percent,  of  silica,  and  5  to  6  per  cent,  of  lime.  The  phosphorus 
varies  from  '5  to  nearly  '9  per  cent. 

At  one  place  the  furnaces  were  55j^  feet  in  height,  and  contained 
a  trifle  under  6,000  cubic  feet.  The  blast  was  heated  to  400°  C. 
(752°  F.)  The  ore  cost  8s.  O^d.  delivered  at  the  mines,  with  lljd. 
transport  to  the  furnaces.  The  make  was  about  815  tons  of  grey 
foundry  iron  per  week,  for  which,  28"60  cwts.  of  coke  were  used; 
whereas  20  cwts.  per  ton  sufficed  for  making  white  pig.  The  coke 
used  was  brought  from  Anzin,  Westphalia  and  Saarbriick,  and  cost 
20s.  lOd.  to  21s.  8d.  delivered  alongside  the  works. 

At  other  works  the  .coke  consumed  had  the  following  composition: — 

BaarbrUok.  Azuin.  Bnhr. 

Ash         iri2        ...        1310        ...  9-50 

Water     6*70        ...  200        ...  410 

Carbon    8318        ...        8490        ...        86-40 


10000  10000  10000 


Cost  at  ovens    ...  lis.  6d.  ISs.  S^d.  88. 8id. 

The  cost  of  transport  &om  the  Buhr  was  about  12s.  9d.,  duty  and 
expenses  Is.  8d.,  total  14s.  The  duty  and  carriage  from  Saarbriick 
was  9s.  if  by  rail  and  4s.  6d.  by  canal,  and  from  Anzin  7s.  8d.  by  boat. 
The  cost  of  coke  at  the  Nancy  group  of  furnaces,  in  1878,  would  be 
20s.  6d.  to  21s.  l|d.  There  is  a  considerable  loss  from  breakage  on 
coke  brought  from  so  great  a  distance,  Saarbriick  being  62  miles, 
Anzin  277  miles,  and  Euhrort  215  miles  from  the  furnaces.  With 
firebrick  stoves  I  heard  of  21  cwts.  of  coke  being  consumed  per  ton 
of  grey  iron. 

At  another  mine  the  cost  of  working  the  stone  was  named  at 
2s.  5d.,  which  with  carriage  brought  the  price  to  8s.  to  3s.  2^d. 
delivered  at  the  furnaces.  The  coke  contained  14  per  cent,  of  ash,  and 
sometimes  as  much  as  10  per  cent,  of  water.  That  brought  from 
Saarbriick  cost  18s.  in  1878  by  boat,  and  from  Anzin  22s.  also  by 
canal.  For  white  iron  21*60  to  23*60  cwts.  of  coke  were  consumed 
per  ton  of  pig,  with  blast  at  375°  C.  Upon  certain  occasions  no 
limestone  is  used,  upon  others  flux  is  required,  according  as  the  ore 
is  calcareous  or  the  reverse. 

PP 


658     SECTION  XVin.— CHIEF  IBON-PBODUCING  COX7NTBIB8  COXPAEED. 

St,  Diner. — It  is  many  years  (1867)  sinoe  I  visited  this  neigh- 
bonrhood.  It  is  an  old  seat  of  the  French  iron  trade,  where  nsH 
recently  charcoal  was  the  only  fuel  used.  A  canal  in  process  of  con- 
struction enabled  Prussian  coke  to  be  brought  at  a  cost  of  26s.  4|d. 
per  ton.  Upon  its  completion  it  was  expected  to  reduce  this  price  to 
28s.  2^. 

The  ore  employed  is  a  brown  oxide,  found  in  pockets,  and  ws 
conveyed  to  the  works  along  the  ordinary  roads  of  the  country.  The 
items  of  cost  were  Is.  7d.  for  working,  4fd.  for  royalty,  and  28-  Oji 
for  carting,  a  total  of  4s.  It  contains  82  per  cent,  of  iron.  A  more 
distant  mine  afforded  an  ore  which  yielded  42  per  cent.,  bat  the  cost 
was  8s.  per  ton.  The  proportions  used  were  three  parts  of  the  former 
and  one  of  the  latter.  The  furnaces  at  that  time  were  42  to  45  &ei 
high,  making  from  56  to  115  tons  per  week.  The  coke  required  for 
a  ton  of  mottled  and. white  iron  ranged  from. 22  to  24  cwts.,  but  for 
a  whole  year  at  the  works  of  my  informant^  the  work  was  done  for 
20  cwts.  The  native  ore  by  itself  was  said  to  be  unfit  for  making 
foundry  iron. 

Central  France. — ^The  works  at  Fourchambault,  etc,  in  1867  were 
supplied  with  ore  from  irregularly-shaped  pockets  found  in  the  lime- 
stone rock.  Pits  were  sunk  through  the  superincumbent  strata 
(about  100  feet  in  thickness)  to  the  ore,  which  occurs  in  the  form  of 
gravel,  and  being  mixed  with  earthy  matter  requires  washing.  It  is 
an  expensive  ore,  costing  about  10s.  per  ton,  and  only  yielding  35  to 
40  per  cent.  In  smelting  it,  half  its  weight  of  limestone  was  being 
used.  The  coke  was  then  brought  from  the  Commentry  coal-field,  at 
a  cost  of  about  16s.  6d.  per  ton.  In  furnaces  of  40  feet  the  consump- 
tion of  coke  was  82  to  35  cwts.  per  ton  of  grey  iron.  At  Commentiy 
itself  white  iron  was  being  made  from  ore  similar  in  nature  to  that 
used  neai*  Fourchambault,  etc.,  with  21*46  cwts.  of  coke  and  14  cwts. 
of  limestone. 

It  would  appear  from  what  has  preceded  that  the  works  of  Central 
France  are  by  no  means  favourably  situated  in  respect  to  the  ores  of 
iron.  The  same  may  be  said  with  regard  to  those  of  St.  Etienne.  In 
1867  the  furnaces  there  were  being  supplied  with  ore  from  La  Voulte 
on  the  Rhone  yielding  45  per  cent,  at  12s.  9jd.,  with  Mokta  ore  yield- 
ing 65  per  cent,  at  28s.,  and  with  Barcelona  ore,  containing  38  per 
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cent,  of  iron  besides  some  manganese,  at  25s.  7d.  per  ton.  A  certain 
quantity  of  an  ore,  apparently  oolitic,  containing  30  per  cent,  of  iron, 
was  nsed  for  common  purposes. 

In  furnaces  of  very  moderate  dimensions,  with  blast  at  280°  G. 
^only  536°  F.),  they  were  making  Bessemer  iron  with  something 
under  26  cwts.  of  coke,  and  using  about  9^  cwts.  of  limestone. 

Pas  da  Calais. — Here  in  the  green-sand  formation,  as  I  was  told, 
and  immediately  below  the  clay,  a  bed  of  brown  hematite,  2  to  4  feet 
in  thickness  is  worked,  which  would  appear  to  correspond  with  the 
position  of  the  mineral  worked  for  centuries  in  Sussex,  and  only  dis- 
continued when  charcoal  iron  could  no  longer  compete  with  that 
obtained  by  the  aid  of  fossil  coal.  The  baring  is  nearly  10  feet  in 
thickness,  and  the  ore  is  mixed  with  so  much  sand  and  clay  that  it  loses 
half  its  volume  in  the  process  of  washing.  The  royalty,  lO^d.  per 
ton,  and  the  value  of  the  land  which  is  damaged  makes  it  somewhat 
•expensive.  It  has  to  be  carted  to  the  works  over  a  distance  of  a  mile 
or  two,  so  that  laid  down  at  the  furnaces  the  cost  is  about  9s.  6d.  per 
ton  for  a  material  yielding  35  per  cent,  of  metal. 

It  was  being  smelted  with  expensive  coke,  made  from  coal  brought 
:&om  the  county  of  Durham,  and  therefore  costing  23s.  to  24s.  per 
ton.  Of  this  22  cwts.  were  used  with  10  cwts.  of  limestone  per  ton  of 
white  iron. 

Ibov  Obi  in  BRLonnc. 

At  one  time  the  pig  iron  made  in  Belgium  was  wholly  from  native 
ores.  But  in  the  year  1882  the  total  quantity  of  pig  iron  smelted  was 
717,000  tons^,  and  the  native  ores  used  amounted  to  250,000  tons, 
while  the  imports  reached  1,206,717  tons :  thus  the  native  ore  was  only 
about  one-sixth  of  the  entire  consumption.  In  1867  a  dozen  varieties 
of  native  ores  were  being  used  in  the  Li^e  group  of  furnaces.  At 
that  period  Luxemburg  ore  was  being  imported  at  a  cost  of  5s.  6d.  to 
6s.  9d.  for  carriage  alone,  the  yield  in  pig  iron  being  then  given  at  33 
to  35  per  cent.  In  fdmaoes  about  50  feet  in  height  forge  iron  was 
being  made  at  that  time  with  20^  cwts.  of  coke,  the  limestone  being 
14'80  cwts.  per  ton  of  pig.  For  foundry  iron  30  cwts.  of  coke  or 
more  was  the  rate  of  consumption. 

^  Iron  and  Steel  Institute  Foreign  Beporti  1888,  p.  898. 
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In  1878  I  found  that  at  one  work  near  Liege  the  nge  of  nath? 
ores  had  been  entirely  abandoned,  being  replaced  bj  that  of  Luxem- 
burg, for  pig  of  ordinary  quality.  The  cost  of  transport  had  been 
reduced  to  rates  varying  from  4s,  9d.  to  5s.  e^d.  per  ton.  The  price 
at  the  mines  was  only  about  2s.  6d.  per  ton.  The  yield  in  tbe 
furnace  was  88  to  84  per  cent.,  and  the  white  pig  iron  thus  made  ms 
got  by  a  consumption  of  21  to  28  cwts.  of  coke  per  ton  of  whitish 
mottled  metal,  the  limestone  used  weighing  7*20  cwts. 

At  that  time  (1878)  Spanish  and  African  ores  were  being  used 
for  Bessemer  iron,  the  inland  cost  of  transport  being  2s.  4^d.  by  boat 
and  8s.  6|d.  by  rail.  The  sea  freight  was  then  14s.  3d.  from  Bilbao 
to  Antwerp.  The  reduced  rates  of  freight  will  enable  this  ore  to  be 
delivered  at  the  present  day  (1884)  much  below  the  price  jnst  named, 
for,  as  already  mentioned,  it  is  being  supplied  in  limited  qnantities  at 
Cardiff  for  10s.  6d.  per  ton.  The  cost  price  of  coke,  taking  the  seDing 
prices  of  small  coal  to  be  7s.  IJd.,  would  be  nearly  12s.  6d.  per  tan 
unwashed. 

The  coke  consumed  at  one  work  was  given  as  follows : — 

Owta. 
For  commonest  quality  of  forge  iron  {mitu) 21 1     Blast  heated 

„  common  forge  pig  C/«r  orc^tnotre)  22 1  in 

„   strong  forjfe  pig  C/<»"/orO  23]    metal  stoves;. 

„  Bessemer  iron  from  rich  ores,  furnace  60  feet  in 

height        ...         ...         ...         ...  20  i^re-brick  stoves. 

At  another  work  28  cwts.  of  coke  were  mentioned  as  being  con- 
sumed per  ton  of  forge  iron,  chiefly  smelted  from  Luxemburg  ore.  It 
contained  12  to  14  per  cent,  of  ash.  It  was  made  from  coal  paid  for 
at  the  rate  of  8s.  8id.  per  ton,  and  yielded  80  per  cent,  of  coke  at  a 
cost  of  lis.  6d.  per  ton. 

The  blast  was  heated  to  450°  to  500°  0.  (842°  to  982°  P.)  at  one 
establishment ;  and  the  coke  consumed  was  21  to  22  cwts.  per  ton  of 
white  and  27  cwts.  per  ton  of  foundry  iron.  Coking  coal  was  bongbt 
at  the  rate  of  7s.  lid.  to  8s.  8id.  per  ton. 

Ibok  Obb  rs  THB  United  States. 
The  production  of  pig  iron  in  recent  years  in  the  United  States 
has  been  as  follows  : — 

1879.  1880.  188L  1881 

2,741,853      ...      3,835,191      ...      4,141,254>      ...      4^623,323  gross  tons. 
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The  make  of  1882  was  5,178,122  tons  (of  2,000  lbs.)  and  was  thus 
distaributed : — 


StetM. 

KetToDs. 

States. 

KefeTbns. 

Pennflylvania 

■•  * 

2,449.256 

Connecticnt 

...     24,342 

Ohio 

•  •• 

698,900 

Colorado ... 

...     23,718 

New  York 

•*i 

416,156 

...     10,335 

Illinois   ... 

.  •  • 

360,407 

Indiana  ... 

...     10,000 

Michigiin 

•  •t 

210,195 

Minnesota 

...      8,126 

New  Jeney 

« .• 

176,805 

Oregon    ... 

...      6,750 

Tennessee 

••• 

137,602 

Maine 

...      4^100 

Missonri 

... 

113,644 

Texas 

...      1,321 

Alabama 

* .  • 

112,765 

Vermont 

...      1,210 

Virginia 

... 

87,731 

North  Carolina 

...      1,150 

Wisconsin 

•  •• 

85,859 

California 

987 

West  Virginia 

... 

73,220 

Utah  Territory 

57 

Kentucky 

... 

66,522 

Maryland 

.  •  • 

54,524 

5,178,122  net  tons. 

Georgia  ... 

42,440 

Q  according  to  th 

eqnal  to  ... 

e  fael  used  stands  \ 

4,623,323  gross  tons. 

The  divisio] 

ihns  in  net  tons : — 

Anthracite  Cma. 

BituminouB  Got 

±               OharoosL 

TMal  Net  Tons. 

2,042,138 

..1 

2,438,078 

697,906 

5,178,122 

1881. 


1881 


The  ore  obtained  from  the  American  mines,  so  far  as  they  are 
given  by  Mr.  Swank  in  the  report  of  the  American  Iron  and  Steel 
Association,  is  as  follows  in  gross  tons  : — • 

1879.  1680. 

Lake  Superior,  including 

Menominee  Range    ... 

New  Jersey        

Lake  Champlain 

Cornwall    Bank,    Penn- 
sylvania   


1,414,182  ...    1,987,598  ...    2,321,315 
488,028  ...      745,000  .. 


Imported... 


493,408 


2,321,316  ... 

2,948,814 

737,052  ... 

900,000 

687,000  ... 

675,000 

249,050  ... 

309,680 

3,944,417 

4^827.994 

782,887  ... 

589,655 

4,727,304 

5,417,649 

The  statistics  of  the  iron  ores  of  the  United  States  are  in  a  very 
incomplete  condition,  as  may  be  inferred  from  the  fadi,  that  the 
figures  giTen  above  embrace  all  the  information  on  the  subject  which 
the  industry  of  Mr.  Swank  has  been  able  to  collect. 
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The  only  other  data  I  have  been  able  to  lay  my  hands  on  k  a 
return  from  Ohio  for  the  year  1872^  and  another  from  Missouri  far 
1875,  firom  a  work  by  Pechar.'  The  former  prodnoed  386,758  tons 
and  the  latter  870,000. 

According  to  the  information  received  at  the  various  works  daring 
my  two  visits  to  the  United  States,  I  have  estimated  the  average  yidda 
of  the  ores  already  enumerated  in  gross  tons,  to  be  as  follows : — 


Lake  Saperior   * 
Kev  Jersey  ... 
Lake  ChampUdn 
Cornwall  Bank 
Imports 


Gross  tons  of  2,240  lbs. 
Weight  of  iron  m  net  tons   . . . 


U8S. 
Tons  Ore. 

Cent. 

Yield  of  Fi» 
Toofl. 

2,943,314 

63    •«» 

1354,287 

900,000 

60     - 

540,000 

675,000 

68     - 

425,250 

809,680 

62-5  - 

162,582 

589,655 

52     - 

806,620 

5,417,649 

8.288,789 

8,683,387 


Supposing  the  Aimaces  in  the  following  States  to  have  been  chiefly 
supplied  from  tl^e  sources  above-mentioned^  we  know  that  the  pig 
iron  made  in  them  was  as  below  : — 


Pennsylvania  ... 

Ohio     ... 

Kev  York 

minois 

Michigan 

New  Jersey     ... 

Conneoticat 

Massachosetts... 

Indiana 

Maine  ... 

Vermont 


Supposing  half  the  cinder  made  in  the  mills  and  forses  to 
he  returned  to  the  furnaces  and  each  ton  of  malleable 
iron  to  afford  2  cwts.  of  such  pig,  we  have  approxi- 
mately from  this  source*  

I^  from  ore,  net  tons 


un. 

2,449,256 

698,900 

416^156 

860,407 

210,195 

176,805 

24,342 

10,336 

10,000 

4.100 

1^10 

4^861,706 


124.691 
4,287,015 


>  Ohio  Statistics,  1873,  p.  269. 

•  Pechar,  Coal  and  Iron,  p.  177. 

*  MaUeahle  iron  made  was  2,493,880  tons. 
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The  malleable  iron  made  in  America  is  chiefly  produced  in  the 
Stales  just  given. 

It  should  be  observed  that  in  the  year  we  are  considering  48,354 
tons  of  blooms  were  made  in  Catalan  fires^  also  chiefly  in  the  twelve 
last-mentioned  States.  If  we  regard  this  quantity  as  pig  iron,  which, 
although  not  strictly  correct,  will  not  materially  affect  the  estimate, 
we  have : — 


1882. 
Net  Tons. 

Pig  due  to  ore  4,237,691 

Blooms    do.     considered  as  pig     48,354 


4,286,045 
Pig  iron  equivalent  to  ore  worked  in  localities  specified  ...        8,683,387 


Pig  iron  due  to  sources  not  specified  ...        ...        ...  602,658 


As  a  considerable  portion  of  the  unspecified  sources  are  clay  iron- 
stones of  Ohio,  etc.,  we  shall  probably  be  quite  safe  in  assuming  their 
average  yield  not  to  exceed  50  per  cent. — ^if  so,  the  weights  of  ore  from 
these  sources  ought  to  weigh  for  the  602,658  tons  of  pig  iron 
1,205,816  net  or  1,076^75  gross  tons^ 

The  make  of  pig  iron  in  the  Southern  and  Western  States  for  the 
two  years  in  question  was  : — 


1881 
816,416  net  tons. 
Equal  to  about 728,943  gross  tons. 


The  ironstone  of  the  Hanging  Bock  region  being  carbonate,  and 
the  brown  hematites  of  Tennessee,  etc.,  not  being  rich,  we  may  roughly 
take  the  whole  at  53  per  cent,  of  iron,  and  regard  the  weight  of 
the  ore  smelted  in  1882  to  produce  the  728,948  tons  of  pig  iron  as 
amounting  to  1,875,880  gross  tons. 


Imported  ore  to  be  deducted 


Ore  raised  in  United  States 


•  •  •         •«• 


••■        • •  • 


The  total  weight  6f  pig  Imd  blooms  made  was 

Pig  dae  to  imported  ores 306,620 

Do.     from  mill  cinders 124,691 
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The  total  quantities  of  ores  dealt  with  will  be  as  follows : — 


Ore  worked  at  Lake  Superior,  New  Jeney,  Lake  Champlain, 

Cornwall  Bank,  and  imported  

Assumed  produce  of  other  localities  beyond  these  just  specified 
Assumed  produce  of  Southern  and  Western  States      


G: 

M17.649 
1,076^75 
1,375,330 

7,869^54 
589,655 

7,279,489 

4,671,677 


431,311 


Due  native  ores  "*  ... 


• ••        • ■ • 


*••         ••  • 


4,240,366 


Viewed  in  the  manner  just  described  the  average  yield  of  the  natire 
ores  works  out  to  58*25  per  cent,  for  1882. 

Calculated  in  the  same  way  the  British  ores  afford,  according  to 
the  Mine  Inspector's  returns,  the  following  results : — 

1882. 
3,134,171 


Raised — West  Coast  hematites    ... 


•«•  •••  t«« 


Other  native  ores 


•  99  •••  •••  ••« 


Total  native  ores    ... 
Imported  ores 


■•■  ••■  ••■  ■»•  ••§ 


•■•  •••  •••  ••• 


»«•  ••  • 


•..      14^897,786 

...       18,031,957 
3,284,946 


Total 


..•        •.•        ••* 


•••        ..•        ...        •••        •*.         *.* 


Pig  iron  made 

Manufactured  iron  made — 

1882. — ^2,841,534  tons  cinder  from  which  gave  of  pig  say 


1882. — Due  to  ores  native  and  imported    ... 
Due  to  the  imported  ores  at  52  %  ... 


*••         ... 


Due  to  native  ores     ... 


•  •  ■  «  •  • 


•• •  ■••  ••« 


■  ••  •  ■ ■ 


Average  yield  of  British  ores 


...       21,316,908 


8,586,680 


284^1$3 


• .•         •••         •••         ..• 


8,302,527 
1,708,171 

6,594,356 
36-01^6 
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It  will  thus  be  seen  that  the  American  ores  yield  above  60  per  cent. 
more  iron  than  those  of  Oreat  Britain.  Notwithstanding  this  great  ad- 
vantage enjoyed  by  the  former,  it  will  be  seen  when  we  come  to  examine 
the  other  conditions,  that  the  manufacturers  of  Great  Britain  are  much 
more  favourably  placed  than  the  average  of  those  of  the  United  States. 

BigTBiCTS — Lake  Sufbsiob  aitd  Menominee  Range. 

Within  the  memory  of  men  I  conversed  with  at  Marquette,  the 
the  wild  Indian  held  almost  undisputed  sway  over  all  the  country 
adjacent  to  this  field.  Even  now  descendants  of  the  old  possessors  of 
the  soil  reside  in  their  wigwams  in  their  primeval  forests  on  the  edge 
of  the  lake,  and  I  saw  them  engaged  in  unloading  cargoes  of  ore  at 
the  Bay  furnaces.  Now  the  country  is  studded  with  mines,  as  may  be 
supposed  fiom  the  fact  that  about  3,000,000  tons  of  ore  are  obtained 
from  the  veins  which  traverse  it  in  various  directions. 

Not  only  does  the  district  abound  in  iron,  but  it  is  one  of  the 
richest  copper  regions  in  the  world.  As  an  example  may  be  mentioned 
the  Cliff  mine.  In  18^8  the  Company  bought  5,000  acres  of  land 
from  the  government  for  11,000  dollars,  and  in  a  very  short  time  they 
began  to  divide  20,000  dollars  per  month  as  profits.  The  copper  is 
native,  and  in  1854  a  mass  80  feet  in  length  and  20  feet  in  width  was 
met  with. 

About  a  dozen  miles  from  Houghton  I  descended  one  of  the  slopes 
belonging  to  the  owners  of  the  Heckla  and  Calumet  mines.  There  the 
copper,  although  oflen  occurring  in  great  masses,  is  usually  disseminated 
through  the  rock  in  small  grains,  which  amount  to  about  5  per  cent, 
of  the  whole.  In  1875  these  mines  produced  18,165  tons  of  metallic 
copper,  the  total  make  of  the  district  beiug  for  that  year  22,941  tons 
and  22,225  tons  for  1874.  The  original  capital  was  800,000  dollars. 
They  have  accumulations  valued  at  4,000,000  dollars,  and  have  paid 
in  dividends  9,440,000  dollars. 

Upon  the  occasion  of  my  visit  in  1876, 1  examined  more  or  less 
attentively  ten  of  the  chief  iron  mines.  It  would  occupy  too  much 
space  were  I  to  attempt  to  describe  the  nature  of  the  pockets  or  veins 
of  ore.  The  important  matter  for  consideration  is  the  expense  at  which 
the  mineral  can  be  obtained  and  its  value  in  the  market. 

Avery  important  mining  company  raised  110,150  tons  of  ore  in 
the  year  1873.    For  this  the  miners  and  men  working  by  the  piece 


Per 

Ton. 

a. 

d. 

2 

8* 

8 

<^ 

4 

H 
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averaged  74*5  in  number  for  the  whole  year.  The  ontpat  waa  theiefoie 
close  on  148  tons  per  man  engaged.  The  men  working  bj  the  dar 
averaged  SQS,  making  in  all  an  average  of  160*8  Lands  employed,  » 
that  the  actual  output  for  the  entire  staff  was  68*38  tons  per  annnBL 
The  daily  output  for  each  shift  worked  was  almost  exactly  2  tons.  Tk 
cost  for  working  each  ton  was  as  follows  : — 

DoUan.         DoUazVw 

Rece-work        '21  dayg  at  3-40     —     -^l     — 

JOaywork         *24  days  at  2*27     —     '55     — 

Total  labour 

The  lands  being  the  property  of  the  Company  there  is  no  royaitj 
to  pay^  so  that  if  to  the  labour  we  add  Is.  8  jd.  for  stores^  etc.,  we  haie 
6s.  6d.  as  the  cost  put  into  wagons  on  the  railway. 

In  the  year  1877  the  output  of  this  mine  was  something  above 
one-half  of  that  raised  in  1873.  For  each  ton  of  ore  worked  there  wu 
'36  ton  of  rock  brought  to  the  surface.  This  proportion  by  no  means 
always  represents  the  total  sterile  matter  which  has  to  be  dealt  with, 
a  good  deal  often  remaining  below. 

During  two  months  of  the  year  (1877)  239  men  worked  in  all 
12,166  days,  each  man  thus  averaging  51  days.  The  average  product 
per  man  per  day  had  &llen  from  2  to  1*04  tons.  The  average  earnings 
of  the  entire  staff  was  1*80  dollars  against  1*88  dollars  in  1873.  A  good 
deal  of  preparatory  work  was  in  hand,  although  the  actual  mining 
labour  was  something  less,  viz.,  1*16  dollars  against  1*27  dollars  in 
1873.  The  cost  of  the  ore  loaded  into  wagons  had  risen  fully  22  per 
cent,  in  1877. 

At  these  rates  of  labour  the  piece  men  were  earning  about  3*40 
dollars  per  day,  and  the  day  men  2*27  dollars  ;  which  at  the  then  rate 
df  exchange  (3s.  9^d.)  was  equal  to  about  12s.  lOd.  and  Ss.  7d.  per 
diem  respectively. 

The  cost  just  given  for  raising  the  ore  was  considered  an  exception- 
ally low  one — ^the  more  conmion  figures  varying  from  2 j^  to  3  dollars, 
say  9s.  4d.  to  lis.  3jd.  per  ton. 

The  cost  of  conveying  the  ore  to  Cleveland  City,  where  there  are 
blast  furnaces  and  which  is  the  terminus  of  railways  to  Ohio  and 
Pennsylvania,  is  very  fluctuating  in  character.    The  railway  charge  is 
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Iiigh  to  Escanaba  on  Green  Bay,  viz.,  l'3d.  per  ton  per  mile,  and 
amounts  to  6s.  9d.  per  ton.  The  lake  freight  when  I  was  first  in  the 
country  in  1874  was  8s. ;  but  it  varies  very  much  according  to  the 
quantity  of  grain  that  has  to  be  carried.  At  one  time  it  was  as  low  as 
4s.  6d.,  and  at  others  as  high  as  15b.  to  19s.  If  .we  assume  14s.  9d. 
as  a  mean  cost  for  conveyance  from  the  mines  to  Cleveland  City, 
and  9s.  8d.  as  an  average  cost  of  the  ore  at  the  mines,  we  have  24s. 
as  the  total  cost  delivered  at  a  wharf  ready  to  be  forwarded  by  rail  to 
any  part  of  the  States.  Now  the  selling  price  for  4  or  6  years 
previously  to  1874  had  varied  from  80s.  2d.  to  32s.,  leaving  a  profit  of 
about  7s.  per  tou. 

In  1876  the  following  particulars  respecting  the  cost  of  raising  ore 

were  given  me  as  appertaining  to  a  very  extensive  mine  : — 

For  every  100  tons  of  ore  di-awn  to  bank  there  were  brought  up 

40  tons  of  rock,  and  nearly  800  tons  of  water.   The  expenses  of  working 

were  as  follows  : — 


Laboar  ...         ...         ... 

Explosives         

O  viTUA  •«•  •••  ••» 

Pumping  and  drawing... 

X  UOAo  ...  «•(  ... 


Horse  keep 

Railways 

General  repairsi  &c. 

Explorations 


Per  Ton. 

1. 

d. 

6 

4, 

0 

6i 

0 

Of 

0 

61 

0 

1 

0 

H 

0 

1* 

0 

6i 

0 

6i 

8 

ot 

The  information  given  me  at  another  mine  shewed  almost  exactly 
10  cwts.  of  sterile  matter  drawn  to  bank  for  each  ton  of  ore.  This 
mine,  like  many  others,  was  a  quany.  Its  depth  was  about  150  feet. 
The  total  cost  of  the  ore  delivered  into  wagons  was  8s.  d^d.  in  1876, 
and  the  selling  price  was,  15s.  Id.  It  yielded  65  per  cent,  of  pig. 
The  rail  dues  to  Marquette  were  3s.  Id.  per  ton,  and  to  Escanaba  4s.  8|d. 
The  lake  freight  to  Chicago  from  Escanaba  had  been  sometimes  7s.  6^d.y 
at  other  times  as  high  as  lis.  8^d.,  but  at  the  moment  it  was  only 
88.  9:^.  from  Escanaba,  and  from  Marquette  5s.  7|d. 


Waigbt  of  Iron  (G 
Week. 

ray  No.  1). 
Net  Tool 

BuBhele 
ChttoomL 

Ist    ... 

216it 

107-92 

2nd  ... 

2281 

109-21 

8rd   ... 

262 

106-28 

4th   ... 

261 

110-63 

6th   ... 

253 

107-39 
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I  obtained  the  particularB  of  work  done  at  one  of  the  blast  fnniacci 
near  the  mines.  It  had  a  height  of  41^  feet  with  a  bosh  of  9^  feet  is 
diameter,  blown  with  air  varying  from  720°  to  820®  F. 

Yield 
of  Ore. 

67-66 
67*60 
66-84 
66-28 
69-12 

Taking  the  bushel  of  charcoal  at  20  lbs.,  and  the  consnmption  ai 
110  bushels,  we  have  2,200  lbs.  of  fuel  for  2,000  lbs.  of  iron,  or  24-6 
cwts.  per  ton.  They  were  not  at  this  furnace  exceeding  1  cwt  of 
limestone  per  ton  of  pig. 

According  to  the  figures  already  given,  about  40  per  cent,  of  alltbe 
iron  made  in  the  United  States  is  the  product  of  the  mines  in  tfce 
district  we  are  considering.  The  weight  of  the  iron  according  to 
the  moderate  estimate  employed — 68  per  cent. — ^was  1,854,287  gross 
tons.  In  Michigan  itself  only  187,665  gross  tons  (210,195  net  tons) 
were  smelted  in  1877,  which  means  that  about  2,600,000  tons  of  ore 
were  sent  to  other  seats  of  the  iron  trade  (vide  p.  622).  The  fiimaoes 
in  the  Mahoning  and  Chenango  Valleys,  at  Pittsburg,  the  Lehigh 
Valley  and  Cleveland  City  are  in  fact  largely  dependent  on  the  ores  of 
Lake  Superior. 

Lake  Ghamplain, — ^A  continuation  of  the  Adirondack  range  of 
mountains  skirts  the  western  shore  of  Lake  Champlain,  and  near  the 
summit  of  one  of  these,  six  miles  from  the  lake  and  1,200  or  1,300  feet 
above  the  level  of  its  waters,  lies  the  most  famous  deposit  of  the  ore  of 
this  district.  Embedded  in  the  mineral  for  which  Lake  Champlain  in 
recent  years  has  become  so  &mou8,  are  layers  of  apatite,  or  natonl 
phosphate  of  lime.  It  constituted,  I  was  informed,  2  per  cent,  of  the 
vein,  and  for  some  time  a  company  extracted  the  apatite  for  agricul- 
tural purposes,  handing  over  the  iron  ore  it  was  necessary  to  move  to 
the  owners  of  the  property.  Although  the  existence  of  the  vein  has 
been  known  for  about  60  years,  it  is  only  about  20  years  since  its  valoe 
was  rendered  available  to  any  extent.  At  the  period  of  my  visit  in 
1874  to  this  extraordinary  deposit,  the  output  was  about  400,000  tons 
per  annum.    In  1882,  according  to  the  report  of  Mr.  Jas.  M.  Swank, 
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the  production  of  the  entire  Lake  Champlain  district  was  675,000 
tons.     At  one  point  in  the  vein  above  referred  to,  the  ore  reaches  the 
surface  or  is  covered  with  a  little  soil :  afterwards  rock  overlies  the  vein. 
The  thickness  of  the  latter  was  given  me  as  varying  between  150  to 
200  ^eet.     In  working  the  ore  a  depth  of  125  feet  had  been  pene- 
trated, forming  a  large  chasm  open  to  the  day,  but  beneath  the  floor 
of  the  mine  they  had  bored  80  feet  at  one  place,  125  feet  at  another, 
and  147  feet  at  a  third,  before  reaching  the  bottom  of  the  vein.    At 
that  time  the  ore  was  being  extracted  under  the  covering  of  rock,  the 
roof  being  supported  by  means  of  five  huge  columns  of  ore  said  to 
contain  70,000  to  80,000  tons  of  this  valuable  mineral.     The  miners 
had  been  earning  2*60  dollars  per  day,  but  this  had  been  reduced  to 
1*75  per  day  in  paper  currency  or  6s.  7d.  for  ten  hours  actual  work. 
There  is  very  little  aboveground  labour,  beyond  that  for  removing  the 
covering  of  rock ;  but  this  occupies  as  many  men  or  thereabouts  as  are 
engaged  in  the  mine.     I  understood  for  every  man  working  at  the 
bottom  of  the  mine  2  tons  of  ore  per  day  were  delivered  at  the  surface. 
If  so  it  is  not  likely,  everything  included,  that  the  cost  could  exceed 
6s.  or  7s.  per  ton  for  labour. 

The  selling  prices  in  1874  were  quoted  bs  follows,  in  paper 
currency : — 

Dollan. 
Famace  ore        ...        ...        ...         ...     5^     ■■ 

Screened  ore,  small,  for  Catalan  fires  ...    6       ■" 

General  ran  as  worked 6J-     — 

Ore  for  puddling  furnaces — lumps      ...    7i     ■■ 

These  figures  included  delivery  on  board  crafb  on  Lake  Champlain, 
involving  carriage  on  six  miles  of  railway. 

It  was  reported  that  the  present  owners  paid  only  a  few  thousand 
dollars  for  about  half  the  ground  occupied  by  the  vein.  This  and  the 
figures  just  given  justify  what  has  already  been  said  that  the  margin 
on  selling  such  ore  even  in  bad  times  of  the  iron  trade  snch  as  1874 
saffices  for  a  high  royalty  rent  and  handsome  profit  to  those  who  work 
the  ore. 

Some  portions  of  the  produce  of  this  mine  contain  a  considerable 
portion  of  phosphoric  acid ;  whereas  others  are  sufficiently  free  from 


Per  Too. 
1.      d. 

20 

8i 

22 

n 

24 

6 

28 

3i 

670    SECTION  XVin.— OmBF  lEON-PEODUOINa  OOIJKTRISS  OOXPA&ED. 

this  ingredient  to  enable  it  to  be  nsed  for  Bessemer  steel.  The  ore  ii 
chiefly  magnetic.  The  following  analyses  by  Prof.  Chcmdler  show  its 
constituents : — 

Magnetic  oxide  of  iron    95*99  -  Fe  69*51  Peroxide  of  iron        SQ-S*  )  _  „  ^^^ 

Protoxide  of  iron      26*69  )  ""     * 


Alumina 

•  •■ 

200 

liime   ... 

•  •  • 

•52 

Magnesia 

■  •  • 

•60 

Oxide  of  manganese 

•  •  • 

•10 

Silica  ...        ... 

•  •  • 

•64 

Sulphur 

•  ■  • 

•10 

Phosphoric  acid 

•  •• 

•10 

100-05 

Alumina   ... 

•  mm 

1-87 

Lime 

•  m  • 

6*02 

Magnesia  ... 

•  •  • 

Oxide  of  manganese 

•55 

Silica 

•  •  • 

345 

Sulphur    ... 

■  •  • 

•20 

Phosphoric  acid 

•  •• 

1*94 

100-56 

DoUbis. 
4*70 

Per  Ton. 

B.       d.                  B. 

-     17    8i 

d. 

1^37  to  2 

-      5    2;  to    7 

6 

*■        ... 

...     22  11    to  25 

H 

P.  ^04      Phosphoric  acid  ...     1*94     -=    P. -76 


The  freight  to  Philadelphia  by  water  was  18s,  ll^d.  (3*75  dollare). 

The  anthracite  used  in  the  furnaces  is  brought  from  a  distance  of 

400  miles.    It  was  usually  received  at  New  York,  and  cost  as  follows  ^— 

Price  at  New  York     

Carriage  from  New  York     ... 

Making  the  cost  delivered 

From  another  quarter  23s.  9d.  was  given  as  the  cost  for  smelting 
coal  delivered  at  the  lake  side,  or  26s.  4}d.  at  the  furnaces. 

In  1872  and  1873  foundry  iron — ^not  fit  for  Bessemer  steel^had 
been  sold  in  this  district  for  £9  8s.  6d.  (50  dollars)  per  ton,  and  for 
some  small  lots  as  much  as  70  dollars  had  been  paid.  These  fiuctna- 
tions  in  the  iron  trade  were  accompanied  by  reductions  in  wages. 
This  led  to  resistance  on  the  part  of  the  men,  who  immediately  before 
my  visit  had  wrecked  a  house,  and  conducted  themselves  with  sacfa 
violence,  that  bills  were  displayed  on  the  walls  offering  1,000  dollars 
for  the  discovery  of  the  offenders. 

From  data  received  the  yield  in  the  furnace  appears  to  vary  irom 
60'6  to  66  per  cent.  Six  to  seven  cwts.  of  limestone  are  consamed 
per  ton  of  metal.  In  1860  the  coal  required — anthracite — was  30  cwts. 
but  this  has  now  been  reduced  to  about  24  cwts.  per  ton  of  grey 
foundry  iron. 

Netv  Jersey. — The  iron  mines  of  the  state  of  New  Jersey  enjoy 
great  advantages  in  point  of  geographical  position  as  oompai^  with 
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those  of  Lake  Superior.  Instead  of  being  400  to  500  miles,  as  Mar- 
quette is,  from  the  nearest  coal-field,  the  produce  of  the  New  Jersey 
ore  deposits  are  but  80  miles  from  the  great  Pennsjlvanian  anthracite 
coal  basins. 

The  ore  is  of  the  hematite  class,  yielding  from  55  to  66  per  cent,  of 
pig  iron.  So  far  as  quantity  and  facility  of  extraction  are  concerned, 
the  mines  are  greatly  inferior  to  those  in  the  states  of  Michigan  and 
Wisconsin.  In  1870  the  output  of  New  Jersey  was  362,686  tons. 
In  1874,  when  I  visited  this  mining  field,  the  produce  was  about 
500,000  tons,  a  quantity  which  afterwards  was  increased  to  900,000 
tons  in  1882.  The  cost  of  bringing  the  coal  and  ore  to  a  point 
midway  between  the  two,  such  as  to  the  furnaces  in  the  Lehigh 
Valley,  is  about  3s.  4d.  per  ton.  If  3^  tons  have  to  be  moved, 
lis.  8d.,  or  inclusive  of  limestone  say  12s.  6d.,  will  represent  the  cost 
of  transport  charges  on  each  ton  of  pig  iron. 

I  visited  two  of  the  chief  mines  of  the  district.  The  vein  at  one 
varied  from  12  to  40  feet  in  thickness,  but  there  was  a  good  deal 
of  sterile  matter  interspersed  with  the  ore.  The  staff  of  men  engaged 
consisted  of  the  following : — 

JUiUOEo  a..  ••«  ■•«  ■*•  •■(  •••  (■•  ■((  CmS 

Laboaren  undergroand 16 

Men  &t  SurfftC6  ...         ...        ...         ...         ...         ...         ...        15 

iSviuujrY  ,}         .«.  .••  •*•  ...  ■••  •■■  ...  o 

121 


When  working  full  time  60  to  70  tons  per  day  were  considered  good 
work;  which  is  equivalent  to  11  cwts.  per  man  per  day  all  told,  or  say 
165  tons  per  annum  for  300  days,  making  a  total  output  of  21,000 
tons.  Good  miners  were  earning  1^  to  2  dollars  per  shift,  the  pay 
being  at  the  rate  of  about  2  doUars  per  ton.  The  total  cost,  in 
1874,  was  stated  to  be  : — 

Bollan. 
Paper  Carrenoy.       s.     d. 

Cost  of  working 5*0  «  18  lOi- 

Boyalty '76  •=  2    9| 

Haalage  to  railway        '30  «  1     14 

Dnes  to  f  amacefl'. 1*10  »  4    2^ 

7*16  27    0  atfarnaces. 


The  yield  of  the  ore  is  66  per  cent,  of  pig  iron. 
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The  other  mine  visited  was  prodacing  48,000  tons  per  annam,  md 
cost  as  follows : — 

DoIIaav. 
Fkper.  B.      d. 

Cost  delivered  at  the  mine       ...  8*75     —     14    1^ 

Royalty »..    '^S  to -75  say    '60     «       19 

Carriage  to  furnaces      1*30     »       4  lOf 

6-65  20    9i 


The  yield  was  given  me  as  being  only  55  per  cent. 
Below  are  sundry  assays  taken  from  the  "Geological  Snrvej"  of 
New  Jersey  for  1879  : — 

MetalUc  iron...  5375  57*68  63*399  56*13  56*97  45*22  6312  6^98 
Sulphur  ...  3*83  2*66  '068  7*59  "088  *028  trace  trace 
Phosphorus    ...  -036    -026    -010        -29        -367      *09        -017      -082 

From  these  figares  it  is  apparent  that  the  mines  varj  mnch  in 
per  centage  of  iron,  as  well  as  in  respect  to  sulphur  and  phogphoins, 
the  former  occasionally  being  very  high. 

Pennsylvania. — Cornwall  Ore  Bank  presents  an  extraordinaiy 
deposit  of  ore.  The  mineral  constitutes  a  somewhat  irr^ularlj 
shaped  mass  about  three-quarters  of  a  mile  in  length,  with  a  mean 
width  of  about  500  feet.  This  ridge  of  ore  is  intersected  by  two  small 
valleys  dividing  it  into  eminences  known  as  the  Big,  Middle  and  Grassj 
hills.  Bore-holes  had  been  put  down  in  one  of  these  valleys,  and  had 
gone  through  the  ore  at  depths  varying  from  50  to  184  and  179  feet 
A  spiral  railway  runs  np  Big  Hill,  and  the  -ore  is  excavated  by  open 
work  and  thrown  direct  into  the  wagons.  At  the  base  of  the  hill  the 
ore  forms  a  cliff  850  feet  in  height.  It  is  so  soft  that  one  man  can 
blast  and  load  into  trucks  10  tons  of  ore  for  his  day's  work,  at  a 
cost,  in  1874,  of  less  than  6d.  per  ton,  the  entire  cost  of  raising  it 
being  about  Is.  per  ton.  The  ore  is  very  sulphureous,  and  contains 
from  50  to  55  per  cent. — ^sometimes  indeed  under  50  per  cent.— of 
iron.  The  market  price  in  1874  was  stated  to  be  4f  dollars  paper, 
or  178.  lOd.  per  ton.  It  is  the  property  of  one  family  who  work  iL 
At  the  year  of  my  first  visit  the  yearly  output  was  220,000  tons.  In 
1881,  according  to  Mr.  Swank,  this  was  increased  to  249,050  torn 
and  to  309,680  tons  in  1882. 

The  undertaking  is  connected  with  the  public  raUway  by  a  private 
line  7  miles  long.    There  were  in  1874  eleven  furnaces^  which  are 
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supplied  with  coal  from  the  SchuylkUl  region,  distant  about  87  miles, 
for  1-80  dollars  paper  or  68.  Q^d.  freight,  equal  to  'SOd.  per  ton  per  mile. 
The  coal  costs  at.  the  pit  2*68  dollars,  making  14s.  5d.  delivered  at 
Labanon  where  the  furnaces  chiefly  are,  and  perhaps  16s.  at  Cornwall 
Bank.  In  a  famace  55  feet  high  they  were  running  150  tons  per 
week,  using  87^  cwts.  of  anthracite  and  12  j  cwts.  of  limestone  per 
ton  of  iron.  The  keepers  were  only  paid  1*65  dollars  per  shift,  and 
assistant  keepers  and  slag  men  1*85  dollars. 

Black  Band  of  Tuscarawas  Valley,  Ohio, — This  is  the  only  locality 
in  which  I  heard  of  this  kind  of  ironstone  being  smelted.  I  had  pre- 
viously visited  an  opening  into  what  was  called  Black  Band  on  Davis 
Creek  in  Kentucky,  a  few  miles  to  the  south  of  Charleston  on  the  Ohio. 
The  distance  from  the  Tuscarawas  district  is  about  200  miles,  and 
what  I  saw  was  the  reverse  of  promising.  On  my  return  to  America 
I  visited  Tuscarawas  to  see  the  Black  Band,  about  which  I  had  heard 
much  in  its  favour,  far  more  indeed  than  it  deserved. 

Instead  of  being  situate  in  what  may  be  termed  the  sub-carbon- 
iferous strata,  like  that  in  Scotland,  the  Black  Band  of  this  Ohio  field 
is  above  the  coal,  and  so  high  up  that  it  forms  in  some  places  the 
tops  of  the  hills  and  in  others  has  no  great  thickness  of  rock  above  it. 
Under  these  circumstances  it  rarely  happens  that  any  particulai* 
working  extends  to  above  20  or  80  acres,  and  they  are  frequently  less 
than  this — sometimes  only  a  fraction  of  an  acre.  It  lies  thick  in  the 
ground,  in  one  drift  I  entered  it  was  8  feet,  but  the  stone  is  poor 
looking  and  when  calcined  only  yields  50  per  cent,  of  pig,  and  some- 
times not  so  much.  There  is  a  pretty  extensive  coal-field  in  the 
neighbourhood,  which  is  cheaply  worked,  8s.  9d.  per  ton,  including  Is. 
for  royalty,  being  given  me  as  the  cost  of  extraction.  I  measured 
the  coal  at  4  feet  8  inches.  It  was  being  worked  by  level  and  had 
been  recently  opened,  which  may  account  for  the  low  cost.  The  coal 
near  the  ironworks  however  is  unfit  for  furnace  purposes,  so  that  the 
supplies  are  brought  from  the  neighbourhood  of  Massillon,  a  distance 
of  18  or  20  miles,  and  cost  about  7s.  per  ton  at  the  ironworks. 

A  very  unfortunate  adventure  was  made  at  Port  Washington  on 
this  field  of  ore.  Two  excellent  furnaces  were  built  70  feet  high.  The 
coal  turned  out  so  bad  that  they  brought  coke  from  Connellsville,  a  dis- 
tance of  150  miles.    The  black  band  seams  were  speedily  exhausted 

QQ 
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and  BO  poor  that  mixed  with  one-sixth  of  the  rich  ore  of  Lake  Superior 
the  yield  was  only  50  per  cent,  of  metal.  The  limestone  used  i» 
enormous  in  point  of  quantity — ^viz.  20  to  80  cwts.  per  ton  of  mm. 
The  make  was  about  250  tons  per  week  of  No.  1  pig. 

The  cost  of  pig  iron  at  another  work  in  this  neighbourhood  im 
91s.  8d.y  of  which  80s.  7d.  was  for  ironstone  alone.  Wages  were  low, 
in  spite  of  which  the  sum  for  ^'  labour,  &c./'  was  set  down  at  15s.  l|d. 
per  ton. 

My  IHend  Prof.  J.  S.  Newberry,  in  a  report  contained  in  the 
Statistics  of  Ohio  (year  1878,  p.  288)  gives  a  complete  analysis  of 
some  specimens  of  this  black  band.  From  these  the  following  figures 
are  selected : — 


No.L 

No.l 

NaSL 

Na4. 

NowSl 

5^0.1 

MetaUic  iron    ... 

32-46 

24*25 

48-95 

34-74 

22-96 

24-06 

Phosphoric  acid... 

•41 

•31 

108 

•51 

•63 

•49 

Snlphor 

•16 

•28 

•14 

•35 

■21 

•11 

Hanging  Rock  Region  of  Ohio  and  Kentucky. — ^This  district  may 
be  regarded  as  a  counterpart  of  that  of  South  Staffordshire  in  Eng- 
land. The  ironstone  lies  in  three  layers,  or  in  nodules  embedded  in 
fire-clay  or  shale.    It  consists  of  several  varieties  as  follows  : —  \ 

Block  or  Limestone  Ore, — ^Worked  partly  opencast  and  partly  in 
mines.  In  the  former,  if  there  is  much  baring,  a  man  will  only  get 
half  a  ton  of  ironstone  per  day.  In  underground  work  he  will  ayereige 
15  cwts.  The  earnings  of  the  miners  in  1874  were  2  dollars  papff 
(7s.  6id.),  but  in  1878  they  were  getting  8  dollars  (lis.  3|d.)  The 
most  industrious  class  is  to  be  found  among  the  Germans  and  Swedes. 
As  a  rule  the  miners  do  not  save,  the  exceptions  being  those  of  tbe 
nationalities  just  named.  Twelve  to  fourteen  inches  are  considered 
a  &ir  thickness  for  the  layers  which  constitute  this  deposit,  bat 
occasionally  they  have  been  found  3  to  4  feet  thick. 

Block  Ore  somewhat  resembles  the  last,  but  lying  embedded  in  the 
shale  above  it  are  nodules. 

Kiiiney  Ores, — This  is  a  local  name  for  the  nodular  masses  also 
found  embedded  in  shale.  The  bed  in  which  they  occur  varies  in 
thickness  from  3  to  6  feet.  This  variety  constitutes  one-half  to  two- 
thirds  of  the  ore  smelted  in  this  district. 
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Brawn  HemaUU  or  Limanits. — ^A  certain  qaantity  of  ore  bo  desig- 
nated is  oaed^  bnt  it  is  merely  one  or  other  of  the  three  kinds  of  day 
ironstone  '* weathered"  at  the  ontcrop  of  the  seams,  the  carbonate  of 
iron  being  converted  by  atmospheric  influence  into  hydrated  peroxide. 

The  following  figures  are  taken  bom  the  '*  Geological  Survey  of 
Kentucky,"  Vol,  1,  New  Series : — 

Siderite  or  Carbonate  of  Iron,  UnaUered  Limettone  Ore, — 

Metallic  iron     ...        82*67  86*54       40*46        81*69        24*69  86*62 

Sulphnp —  'ea         1*85           -04           '10  "19 

Phosphorus       ...            '13  '11            '81           '21           '16  '18 

Limeitone  Ore»  tu  Brown  Hematite — 

Metallic  iron     ...        49*99       47*50  89*02  51*07  84*78  66*14 

Snlphnr —            —  —  W  —  — 

Fhosphoros       ...           -27           -06  *16  '21  *28  -06 

Lower  Block  Oree  unaUered — 

Metallic  iron     ...      88*84  ...  29*68  ...  ^     26*07  ...  29*85 

Sulphur *08  ...  *06  ...  '10  ...  '10 

Fhosphoms       ...          *29  ...  "05  ...  *08  ...  *19 

Lower  BloeJc  Ore  ae  Brown  SemaHte — 

MetaUiciron     ...   88*17      8600      28*97  29*81  44*73  41-96  26*88 

Sulphur -18          *14         -06  -07  -06  •88  -04 

Phosphorus       ...       *42          *88          '25  -01  *14  *86  *16 

Upper  Block  unaltered — 

MetaUiciron     ...      8814  ...  86*10  ...  82*46  ...  80*97 

Sulphur -62  ...  '41  ...  '3S  ...  *48 

Phosphorus       ...          *22  ...  '20  ...  -30  ...  '18 

Upper  Block  ae  Brown  SemaHte — 

MetaUiciron     ...        39*96        45*95  46*86  44*89  45*20  28*69 

Sulphur *16           -28  -27  '10  07  -07 

Phosphorus       ...            '16           *89  -05  -26  W  '22 

Kidney  Oree  unaltered — 

MetaUiciron     ...         42*94  ...  48*47  ...  41*27  ...  87-88  ...  46*34 

Sulphur -01  ...  -03  ...  -08  ...  -08  ...  -07 

Phosphorus       ...            -34  ...  *22  ...  -16  ...  -08  ...  '06 

The  ironstone  from  any  of  these  beds  is  evidently  expensive  from 
the  quantity  of  sterile  matter  to  be  handled,  and  being  situate  from  8 
to  13  miles  from  the  works  cost,  in  1874,  from  8  to  4  dollars  paper— 
llB.  8|d.  to  15s.  Id.— per  ton  laid  down  at  the  furnaces. 
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At  one  establishment  I  visited  they  were  smelting  a  mixture  con- 
sisting of  f  calcined  native  stone^  f  Missouri  ore  oofiting  43b.  4d. 
delivered,  and  |  mill  cinder.  The  cost  of  the  ore  per  ton  of  pig  iron, 
using  this  mixture,  was  about  the  same  as  if  all  native  ironstone  had 
been  used.  The  furnaces  are  60  to  65  feet  in  height,  making  250  to 
280  tons  per  week. 

The  coal,  which  has  to  be  brought  from  distances  of  5  or  6  miles,  is 
used  raw,  and  cost  laid  down  at  the  furnaces  about  8s.  6d.  As  much 
as  2  to  2^  tons  of  coal  are  used  per  ton  of  pig  iron,  and  20  cwts.  of 
limestone. 

The  iron  made  of  this  ironstone  is  much  esteemed,  but  it  is  dear 
the  Hanging  Rock  region  can  never,  with  such  dear  ironstone,  be  a 
cheap  iron-making  district. 

Wages  paid  at  the  furnaces  are  not  high — ^keepers  when  I  was 
there  getting  7s.  6^d.,  helpers  6s.  Id.  to  6s.  9cl.,  fillers  6s.  7d. 

Missouri, — The  so-called  Iron  Mountain  secures  for  the  State  of 
Missouri  aliigh  position' in  an  iron-producing  point  of  view.  The 
produce  of  the  deposit,  distingaished  by  this  somewhat  high-sounding 
name,  is  a  rich  and  therefore  tolerably  pure  peroxide,  slightly  magnetic^ 
and  has,  like  some  of  the  purer  ores  of  the  north,  an  extensive  sale 
as  a  fettling  for  the  puddling  furnaces.  In  the  matter  of  quantity 
however  Missouri  occupies  a  very  inferior  position  to  most  of  the  great 
American  iron-mining  centres.  I  am  without  any  recent  data  as  to 
the  exact  production ;  but  irom  such  as  I  do  possess  it  seems  doubtful 
whether  it  has  ever  reached  half  a  million  of  tons  per  annum.  The 
surface  of  the  ground  consists  of  gravel  of  decomposed  porphyry  and 
clay,  intermixed  with  a  considerable  proportion  of  rounded  masses  of 
the  ore  itself.  This  is  washed  to  separate  the  impurities,  when  the 
mineral  is  ready  for  the  market.  The  cost  of  separating  the  ore  from 
the  foreign  matter  is  about  2s.  per  ton. 

The  main  sources  of  supply  however  are  derived  from  veins 
which  run  through  the  rock,  chiefly  porphyry.  The  upper  portion  of 
the  latter,  varying  from  20  to  60  feet  in  depth,  is  decomposed  and  of 
a  bufi"  colour.  It  is  so  soft  that  by  directing  a  stream  of  water,  having 
a  pressure  of  70  or  80  lbs.  on  the  square  inch,  against  the  face,  the 
porphyry  is  removed,  leaving  veins  varying  from  1  inch  to  3  or  4  feet 
in  thickness.    In  other  places  however  the  iron  ore  forms  very  power- 
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fol  Teins.  At  one  place  it  had  a  thickness  of  80  to  60  feet,  the  total 
depth  ascertained  by  boring  being  about  200  feet.  The  ore  where 
I  saw  it  was  hard  and  solid,  without  any  admixture  of  rock,  with  a 
face  50  feet  wide  and  70  feet  high.  In  other  places,  where  rock  was 
embedded  in  the  ore,  the  lines  of  separation  were  quite  distinct,  so 
that  there  was  no  difficulty  in  separating  the  two. 

The  ore  being  hard  and  there  being  a  good  deal  of  sterile  matter 
to  deal  with,  the  output  I  understood  did  not  exceed,  reckoned  on 
the  entire  staff,  one  ton  per  man  per  day.  If  290  days  are  regarded 
as  the  year's  work,  that  number  represents  the  tons  worked  annually  by 
each  man.  The  mineral  however  being  very  rich — 66  to  67  per 
cent. — the  labour  for  working  the  necessary  quantity  to  furnish  a  ton 
of  pig  iron  is  correspondingly  diminished.  I  was  informed  that  the 
earnings  of  the  miners  varied  from  4s.  6d.  to  5s.  4d.  per  day.  This 
was  in  1874  when  the  paper  dollar  was  current.  It  did  not  seem 
to  me,  everything  included,  that  this  very  valuable  ore  cost  above 
5s.  9d.  put  into  wagon.  Labour  here  did  not  generally  appear  high. 
Thus  at  the  charcoal  furnaces  the  following  rates  per  day  were  given 
me  in  1874 : — 


Keepers.     Flllen.  Oarpenten.  M—onB.  Smitha.  Smiths' Strlkezv. 

s.d.        s.d.s.     d.        8.d.      s.d.        s.     d.s.d.        s.cL         s.d. 
64}      6di76ito8    5}7    6ito8    5}7    6ito85f      68^ 


There  is  indeed  no  reason  why  wages  should  be  dear,  for  provisions 
were  very  moderate  in  price.    The  quotations  given  were : — 


butcher  Meat. 

Butter. 

BeetBeoon. 

BestFlooTf 

Per  lb. 

Per  lb. 

Per  lb. 

PerbaneL 

2id.  to  4^ 

11  Jd. 

•  •  •                    J^CLm 

..      •    SOs.  2d. 

Single  men  pay  18s.  per  week  for  board  and  lodging.  The  men 
are  allowed  house-rent  free,  and  Ubcrty  to  cut  what  wood  they  require 
for  firing.  Gash  payments  were  then  made  only  once  in  three  months, 
orders  on  "  the  shop"  being  given  in  the  mean  time.  This  was  there- 
fore a  very  objectionable  case  of  the  truck  system :  at  the  same  time 
the  above  figures  do  not  look  as  if  the  prices  charged  were  otherwise 
than  reasonable. 
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The  following  amJysefi,  taken   from  the  Gleological  Survej  of 
Missouri,  show  the  composition  of  the  ore  of  Uie  Iron  Honntsin  ^- 


VetnOn. 

SaxfMKOtc 

Insolable,  chiefly  silica 

4-71 

1-88 

Peroxide  of 

iron 

•**        ... 

91*45 

95-04 

Protoxide  of  iroa 

.*•        .•• 

2*84 

2-67 

Alamina 

•*• 

...        ... 

•93 

•75 

liime  ... 

•*• 

•  • .        • ••        ■ 

•48 

•15 

Magneeia 

•*• 

...        • «. 

•19 

•12 

Photphoric 

acid 

• ..        • . •        ■ 

•252 

•on 

Sulphur 

••. 

• .  •        • .  • 

^— 

•005 

Metallic  iron 
Phoflphoms   ... 


100*822 


66-78 
•110 


100*586 

68-58 
■OSl 


This  mine  is  80  miles  from  St.  Lonis.  The  transport  is  effected  by 
a  railway  at  a  cost  of  2^  dollars  per  ton,  equal  therefore  to  about  1^  per 
ton  per  mile.  The  cost  of  the  ore  put  into  wagons  was  given  me  by  a 
furnace  owner  in  the  Carondalet,  near  St.  Louis,  as  not  exceeding 
5s.  9d.,  or  say  with  carriage  to  St.  Louis  18s.  6d.  per  ton.  The  selling 
price  at  the  time  was  about  26s.  6d.,  leaving  13s.  per  ton  profit  at  a 
period  when  the  iron  masters  could  barely  obtain  the  cost  price  of  the 
pig  iron  made  from  this  ore.  As  much  as  10  dollars  per  ton  had  been 
charged  for  it  when  iron  was  selling  at  a  higher  price. 

Although  the  coal-fields  of  Kentucky  and  other  Southern  States^ 
and  those  of  Illinois  and  Indiana,  are  nearer  to  St.  Louis  than  Pitts- 
burg, it  would  appear  that  the  Connellsville  coke  was  preferred  here 
although  the  distance  is  about  600  miles.  The  cost  delivered  at  the 
furnaces  was  close  on  SOs.  per  ton. 

PUot  Knob  was  the  other  mine  I  examined  in  Missouri.  The  ore 
seems  to  be  a  regular  seam  lying  in  porphyry,  with  a  pretty  router 
thickness  of  30  feet.  In  some  places  it  is  extremely  hard  and  difficolt 
to  work.  The  seam  is  very  variable  in  the  iron  it  contains,  being 
interstratified  with  porphyry.  The  best  quality  I  understood  to  give 
57  per  cent,  of  pig  iron,  although  according  to  the  "Geological  Survey 
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$f  Missonri "  it  yields  in  the  fumaoe  60  per  cent.,  but  a  large  portion 
of  ihe  seam  is  much  poorer.  The  vein  is  divided  by  a  "  slate-seam,^ 
and  according  to  the  authority  just  quoted  the  iron  contained  in  the 
ore  is  as  follows : — 


OraB  in  the  Ore-b6d  below  the  Slate  Hmm  Oiee  above  tie  Slate  Seam. 

1.18.4.5L  8.  7.  & 

Iron 61-08    68*29    59*16    64-91    47*16  ...    58*91    44^1    86*62 

Fhosphoma  ...  -016      -081      *041  ...  -044 


The  cost  of  raising  the  best  ore  was  mentioned  as  being  9s.  6d.  per 
ton.  Some  of  it  was  being  smelted  on  the  spot  by  means  of  charcoal 
which  cost  45s.  per  ton,  bringing  up  the  cost  of  the  pig  to  something 
like  958.  per  ton. 

Southern  States — Alabama,  Oeorgia^  Tennessee^  North  Carolina^ 
and  Virgmia. — ^These  five  States  are  grouped  together,  because  the 
two  beds  which  constitute  the  chief  sources  of  ore  supply  are  common 
to  them  all.  These  are  limo^ite  or  brown  hematite,  and  a  red  hema- 
tite known  as  the  Fossilif erons  or  Dyestone  Belt.  Besides  these  there 
are  clay  ironstones  and  black  band,  but  hitherto  they  have  been  of  no 
account.  In  the  Smoky  Mountains  of  North  Carolina  I  visited  a  small 
vein  of  magnetic  oxide,  a  variety  of  ore  which  is  pretty  extensively 
worked  at  the  Cranberry  mine  and  probably  elsewhere.  That  of 
Oranberry  is  much  esteemed,  owing  I  believe  to  its  very  small  content 
of  phosphorus. 

With  the  exception  of  the  Hanging  Bock  region  and  the  unim- 
portant district  of  the  Tuscarawas  Yalley  black  band  in  Ohio,  the 
distance  between  the  ore  and  fossil  coal,  as  described  in  these  pages, 
has,  looking  at  the  main  portion  of  the  requkements,  been  consider- 
able. But  in  a  work  on  the  '^  Besources  of  Tennessee"  it  is  stated 
that  **  the  Dyestone  Belt  lies  at  the  very  base  of  the  coal  measures. 
Here,  then,  we  have  sandwiched,  coal,  iron  ore,  limestone  and  sand- 
stone, the  latter  suitable  for  hearths."  A  letter  fix)m  my  friend  General 
J.  T.  Wilder,  inserted  in  the  book  just  quoted,  mentions  the  fact  that 
for  a  distance  of  160  miles  the  coal-beds  are  never  more  than  half  a 
mfle  from  the  iron  ore. 
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This  is  confirmed  by  what  I  saw  in  Alabama.  On  one  ode  of 
Jones'  Valley  a  bed  of  fossiliferous  ore,  80  feet  thick,  crops  ont  Of 
this  8  feet  only  were  being  worked,  and  of  this  portion  the  following 
are  analyses  from  two  different  localities : — 


SiUca 

17-09 

17-22 

Peroxide  of  iron 

77-32 

Ts-er 

Lime             •■• 

210 

1-87 

Magnesia 

•43 

•76 

Alumina 

1-76 

1*59 

Phosphoric  acid 

•  •  • 

«■  • 

•  •  • 

•51 

•49 

99*20 

100-60 

Metallic  iron 

64*40 

54-90 

Phosphorus 

■  •  • 

•  ■  • 

•  •  • 

•51 

•49 

The  valley  itself  was  limestone,  and  the  opposite  hills  consisted 
of  the  coal  measures. 

I  was  shown  the  books  of  the  Red  Mountain  Iron  Company,  and 
from  them  it  appeared  that  2*06  tons  of  this  ore  sufficed  to  make  one 
ton  of  pig,  equal  therefore  to  a  yield  of  60  per  cent. 

The  bed  of  ore,  where  it  was  being  worked,  had  a  covering  of  2  to  4 
feet  of  soil.    The  cost  of  tearing  up  the  mineral  was  under  28,  per  ton. 

Labour,  as  is  generally  the  case  in  the  Southern  States,  is  much 
cheaper  than  in  Pennsylvania^  as  may  be  seen  from  the  following^ 
rates. — 

Keepers.    A  rtitent  Keq)ers.     Flllen.  duurgei*.        OokeFOIen. 

■.d.  m.     d.  8.d.  8.d.  tud. 

Per  day      ..,    6    0}    ...    6    8i     ...     4    5f     ...    4    5|     ...     3    9J 

From  some  cause  or  another  however  the  wages  on  a  ton  of  pig^ 
iron  at  the  Red  Mountain  fiimace  amounted  to  18s.  8d.  This  must 
have  been  the  result  of  faulty  arrangements,  which  probably  accounted 
for  the  concern  being  then  in  difficulties. 

The  brown  hematite  forms  masses  very  irregular  in  point  of  outline 
and  of  dimensions.  They  constitute  a  superficial  deposit  and  aie 
worked  quarry  fashion.  I  visited  several  localities  where  the  ore 
evidently  exists  in  large  quantities,  and  I  inspected  one  quarry  out  of 
which  the  contractor  excavated  the  mineral  and  having  delivered  it 
at  the  furnace  received  8s.  6d.  per  ton  of  iron  made.  The  yield  o 
pig  iron  was  given  me  as  being  56  per  cent. 
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The  furnace  using  it,  blown  with  air  at  500®  F.,  was  making  iron 
with  105  bushels  of  charcoal,  weighing  it  was  said  1,890  lbs.  The 
limestone  required  was  8  cwts.  per  ton  of  pig. 

In  justification  of  the  favourable  views  just  expressed  in  reference 
to  the  iron-making  facilities  of  the  district  thus  briefly  described,  I 
would  again  quote  the  experience  of  a  Southern  States  firm  (v.  p.  585) 
who  mention  their  ability  to  make  iron  at  about  42s.  per  ton.  This 
undoubtedly  is  a  higher  cost  than  would  attend  the  development  of  a 
similar  mineral  field  in  Great  Britain.  The  Southern  States  however 
are  in  their  infancy  as  iron-makers.  Give  them  a  little  time,  and 
I  see  nothing  to  prevent  their  producing  pig,  as  well  as  other  forms  of 
iron,  as  cheaply,  perhaps  more  cheaply,  than  it  can  be  manufactui*ed  in 
most  other  known  quarters  of  the  globe. 

According  to  a  hand  sketch  made  for  me,  showing  a  section  from 
east  to  west, — beginning  at  the  eastern  limit — we  have  first  the  valley 
containing  the  Oahawba  Goal-field.  To  the  west  of  it  is  a  ridge  con- 
taining the  red  fossiliferous  ore,  with  some  brown  hematite  in  the 
valley.  Jones'  Valley  already  mentioned  follows,  with  another  bed  of 
the  red  ore  in  the  hill  beyond,  6  to  9  feet  in  thickness,  and  immediately 
behind  it  is  the  Black  Warrior  Goal-field,  already  referred  to  in  the 
present  section.  To  the  east  of  the  Gahawba  Yailey  are  other  deposits 
of  brown  ore,  but  these  I  was  unable  to  visit,  there  being  no  railway 
accommodation ;  besides  I  had  seen  enough  to  satisfy  me  that  want 
of  raw  materials  could  never  be  a  barrier  to  the  production  of  cheap 
iron  in  this  part  of  the  world. 

LIMESTONE. 

It  would  be  useless  labour  to  devote  many  words  to  the  conditions 
and  expense  attending  th^  working  of  limestone.  It  usually  occurs  in 
such  vast  masses  in  nature  ana  m^aeai*  the  surface  that  it  is  obtained 
from  quarries  at  a  cost,  including  royalty,  of  about  Is.  6d.  per  ton. 
With  dear  labour  as  in  the  United  States  the  price  of  quari7ing  is  of 
course  proportionately  increased.  The  chief  outlay  therefore,  in  very 
many  instances,  is  that  attending  its  transport  to  the  famaces.  In  some 
cases,  it  is  true,  limestone  is  got  by  actual  mining,  and  under  such 
circumstances  considerable  expense  is  incurred  in  winning  it.    Practi- 
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cally  however  the  qnestion  is  the  cost  at  the  ironworkB,  andhoioel 
will  content  mTself  with  naming  the  prices  given  me  at  ihe  point  of 
consumption. 

Wettphalim,  Gemuuiy  3/-  to  4/-  per  too. 


Mtddlesbrofigh  ...  8/6  to  4/-  per  ton. 

Scotland  ...  4/8  to  5/- 

Sonth  Wales      ...  1/6  to  S/- 
Soath  Staff ordehire      ...    4/6 

North  Do.  4/8  to  5/- 


w 

» 


Shropshire 
Comberland 
Northamptonihire 
Derbyshire 
Lancashire 
Longwy,  France... 
St.  Dizier     n    ... 
Nancy 
Belgium  ... 


>t 


...    4/9 

2/9  to  8/. 

...    8/- 

...    8/2 

1/6  to  8/6 

...    2/8 

...    1/8 

...    1/8 

1/2  to  2/6 


n 
n 
» 

» 

>• 
ff 
9» 

n 


n 


2/1 
2/3 


Saarbmck 

Hajange 

United  States- 
New  York  States    6/-  to  6/8 
Andover 


Yonngstown 

Pittsburg 

Virginia 

Indiana 

Alabama 

Turcarawas 

Chicago 

Kentucky 


8/3 

s/. 

6/9 

8/- 
8/9 
216 
4/8 
4/6 
6/- 


In  many  cases,  the  information  given  in  the  present  sectioB 
respecting  the  prices  and  other  particulars  of  the  minerals  nsed  in  the 
production  of  pig  iron,  affords  the  necessary  data  for  estimating  their 
cost  per  ton  of  the  product.    There  is  however  a  want  of  entire 
uniformity  in  the  data  to  which  the  information  in  qnestion  applies, 
as  well  as  in  the  manner  in  which  one  or  more  of  the  minerals  are 
valued.    At  one  time,  where  the  furnace  owner  raises  his  own  coal  and 
ore,  the  cost  prices  are  quoted,  at  others,  where  the  minerals  are 
purchased,  the  market  quotations  form  the  basis  of  calculation.    In 
order  to  secure  as  far  as  practicable  a  uniform  standard  of  comparison, 
a  moderate  sum  has  been  added  to  cover  the  miner's  profit;  and  a 
period  of  low  prices  has  been  selected,  when,  in  the  majority  of  CBsa, 
this  profit  would  be  small,  and  when,  it  may  be  assumed,  the  maken 
were  endeavouring  to  work  under  the  most  economical  oondidona 
At  the  time  in  question  Cleveland  No.  3  was  selling  at  37s.  6d.,  mixed 
numbers  of  Scotch  pig  at  488.  6d.  at  Glasgow,  and  for  hematite  iron 
in  Cumberland  and  Lancashire  the  ore  is  taken  at  13s.  per  ton. 

It  is  not  proposed  to  cany  the  comparison  beyond  the  cost  of 

the  minerals  required  to  produce  a  ton  of  metal,  because  the  smeltisg 

.  charges  vary  considerably,  even  in  the  same  locality,  according  to  the 

more  or  less  perfect  character  of  the  furnace  plant    In  other  caBes, 
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where  no  diffeienoe  arises  from  this  canse^  bat  where  the  cost  is 
dependent  on  the  price  and  efficiency  of  labour^  differences  of  the 
latter  dass  will  in  most  cases  be  equally  applicable  to  the  wages  paid 
at  the  furnaces  as  at  the  mines. 

TABLE  showing  approxmaUly  the  Comparative  Costs  of  Coke  (or 
Haw  Coaljj  Ore,  and  Limestons  rehired  to  produce  One  Ton  of 
Pig  Iron  in  various  Localities,  calculated  upon  the  Selling  Prices 
of  the  Materials  used-^iuen  in  percentages  of  No.  3  Cleveland  Pig. 

MIDDLESBRO'- 

Cleveland  No.  3  100  Forge  Iron  ...  08     Bessemer   ...  123 

In  the  beginning  of  1884  the  cost  of  Spanish  ore  has  fallen  to  an 
abnormally  low  price.  In  the  estimate  of  Bessemer  iron  the  ore  has 
been  taken  at  18s.  per  ton  in  the  Tees.  On  the  Oleveland  iron  the  cost 
of  carriage,  per  ton  of  iron,  is  abont  78.  9d.y  and  on  the  Bessemer  iron 
abont  17s.  The  royalties  on  the  minerals,  for  the  Oleveland  iron^ 
may  be  taken  at  88.  9d.  per  ton  of  pig. 

NORTHUMBERLAND- 

Bessemer   ...  120 

The  carriage  on  fael  from  the  collieries  to  the  fiimaces  in  North- 
nmberland  costs  something  less  than  it  does  in  the  Middlesbrough 
district;  and  the  Tyne  being  a  better  loading  port  than  the  Tees,  the 
freight  from  Bilbao  is  frequently  rather  less  to  the  former.  These 
advantages  combined  may  sometimes  reduce  the  cost  in  the  North- 
umberland furnaces  to  something  below  the  figure  given. 

LINCOLNSHIRE- 

Foundry 
No.  3       ...     00 

In  this  case,  using  South  Durham  coke,  the  conveyance  of  the 
minerals  per  ton  of  iron  is  probably  78.  9d.  to  8b.  Gd.,  and  the  royalties 
amount  to  about  4s. 

NORTHAMPTONSHIRE— 

Foundry 
No.  3       ...     03 

'  The  carriage  on  the  minerals  to  the  ftimace  is  believed  to  amount 
to  about  10s.  per  ton  of  metal,  and  the  royalties  to  8s.  9d« 
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DERBYSHIRE- 
Foundry 
No.  3       ...  104 

The  railway  dues  on  the  minerals  are  assumed  to  be  lOa.  6d^  and 
the  royalties  8s.  9d.  on  the  ton  of  iron. 

NORTH    STAFFORDSHIRE- 

Forge  Iron     ...    97 

The  railway  carriage  on  the  minerals  does  not  probably  exceed 
8s.  6d.  to  48.  per  ton  of  metal,  and  the  royalties  are  aboat  4b. 

SOUTH    STAFFORDSHIRE- 
Foundry 
No.  3       ...    120 

This  prioe  is  based  on  data  upon  which,  as  I  have  been  informed, 
a  cheap  foundry  iron  can  be  made  chiefly  from  Northampton  ore,  witb 
a  portion  of  mill  cinders. 

CUMBERLAND  AND   LANCASHIRE— 

Bessemer   ...  125 

The  ore  has  recently  fiillen  considerably  in  price.  In  the  estimate 
it  is  taken  at  18s.  at  the  furnaces.  The  dues  on  the  minerals  wDl 
come  to  about  10s.,  and  the  royalties  to  6s.  6d.  per  ton  of  iron.  The 
figure  given  above  represents  the  ratio  of  cost  for  Cumberland,  bat  the 
average  of  that  of  Lancashire  is  about  the  same. 

SOUTH    WALES- 

Forge 120     Bessemer    ...  125 

The  forge  iron  is  entirely  from  Northamptonshire  stone,  and  the 
Bessemer  from  Spanish  ore,  taken  at  the  same  prioe,  at  Bilbao,  as  that 
smelted  in  Middlesbrough.  The  cost  of  conveying  the  minerals  for 
the  forge  iron  will  probably  be  13s.  and  the  royalties  Ss.  9d.  The 
cost  of  conveying  the  minerals  for  the  Bessemer  iron  may  be  takea 
at  208.  6d.  on  the  ton  of  iron,  including  freight  from  Spain. 

SCOTLAND- 

Mixed  No8.    •*•       112 

The  railway  dues  on  the  minerals  and  conveyance  of  the  pig  iron 

to  the  place  of  shipment  amount  to  6s.  3d.  to  7s.  6d.  and  the  rojeitks 

(assuming  the  ironstone  to  be  half  calcined  black  band  and  half  dsf 

ironstone)  may  be  reckoned  at  4b.  4^d.  per  ton  of  iron. 
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The  localities  jnst  given  comprise  the  chief  iron-making  centres  in 
the  United  Kingdom.    Of  the  number  Middlesbrough,  Northumber- 
land^  Cumberland,  Lancashire,  Scotland,  and  South  Wales  alone  can 
be  regarded  as  oocupTing  a  position  which  enables  them  to  export  pig 
iron.     South  Wales  indeed  can  scarcely  be  regarded  in  this  light,  at 
all  events  in  periods  of  depressed  trade.    In  the  matter  of  cost  at  the 
furnaces  it  enjoys  no  advantages  over  Middlesbrough  and  North- 
umberland, while  the  cost  of  conveying  the  iron  to  CardiflT  or  Newport 
will  average  at  least  2s.  6d.  per  ton.    Cheaper  labour  no  doubt  greatly 
assists  South  Wales,  but  this  is  too  insignificant  in  amount,  in  the 
manufacture  of  pig  iron,  to  be  of  much  service:  when  however  the  pig 
iron  has  to  be  converted  into  steel  rails,  cheap  labour  and  cheap  fuel 
enable  this  part  of  the  principality  to  compete  successfully  with  the 
rail  mills  at  the  sea-ports  in  the  North  of  England,  where  wages  are 
higher  and  the  coal  more  expensive,  because  more  distant  from  the 
steel  works. 

Staffordshire  is  certainly  not  without  some  export  trade;  but  this 
is,  I  apprehend,  principally  confined  to  the  higher  qualities  of  malle- 
able iron,  such  as  the  produce  of  the  works  of  Lord  Granville,  Lord 
Dudley,  and  a  few  others. 


The  calculations  which  follow  exhibit  the  position  of  some  of  the 
chief  iron-making  centres  on  the  Continent  of  Europe  and  in  the 
United  States. 

QmoLLs  ZoLL  Vbilbiv. 

WESTERN    GERMANY- 
Foundry    ...    lOO     Forge  iron  ...    85 

The  above  figures  represent  the  cost,  as  compai*ed  with  Cleveland 
No.  8,  of  pig  iron  produced  from  the  oolitic  ironstone  of  Western 
Germany,  Luxemburg  and  France,  under  the  most  favourable  circum- 
stances which  came  under  my  observation.  At  the  particular  work 
referred  to,  situate  close  to  the  mine,  the  charge  for  conveyance  of 
minerals  was  almost  exclusively  that  incurred  in  bringing  the  ccke  from 
Belgium,  Westphalia  and  Saarbriick.  The  cost  of  carriage  therefore 
per  ton  of  iron  would  not  exceed  5s.  on  forge  and  6s.  6d.  to  7s.  on 
foundry  iron;  and  the  royalties  were  under  Is.  on  the  ton  of  pig. 
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At  another  work,  aitnate  in  the  Saarfariick  ooal-fidd,  the  cost  w» 
higher,  say  for  foi^  iron  103.  The  carriage  of  tiie  ore  ftom  Lnxem- 
bnrg,  a  distance  of  abont  80  miles,  costs  4b.  4d.  per  ton.  Dues  <m 
minerals  about  14s.  per  ton  and  royalties  abont  Is.  on  the  ton  of  met&L 

LUXEMBURG- 

Forge  Iron  ...   OO 

This  cost  is  that  of  one  of  the  most  favourably  sitnated  and  beat 
appointed  works  in  the  Duchy.  The  iron  made  here  and  at  otlier 
works  is  chiefly  white  Ibrge,  and  as  the  coal-fields,  Bdgian  and 
Westphalian  are  distant,  little  beyond  the  manufeM^ture  of  pig  iron  k 
attempted.  The  average  dues  on  coke  are  about  78.  per  ton.  The 
total  cost  of  conveying  the  minerals  will  be  abont  98.  and  that  of 
royalties  about  Is.  per  ton  of  iron  made. 

ILSBDE- 

Forgeiron  ...   80 

This  place,  although  about  140  miles  from  the  Buhr  coal,  is  able 
to  make  very  cheap  pig  iron,  owing  to  the  very  inexpensive  ore  got  in 
the  neighbourhood.  This  mineral  contains  a  good  deal  of  phosphorus, 
which  fits  the  iron  produced  admirably  well  for  the  Bessemer  basic 
process.  A  small  addition  has  been  made  for  supposed  profit  on  the 
ironstone.    The  fuel  is  partly  coked  at  the  fomaces. 

The  probable  cost  of  conveying  minerals  I  estimate  at  128.,  and 
royalties  at  about  Is.  per  ton  of  iron  made. 

WESTPHALIA- 

Foundry  ...  140   Forge  (Common)  103   Bessemer  ...  140 

Do.   (Best)         135 

The  ores  employed  at  the  work  affording  the  above  results  are  obtained 
from  such  a  variety  of  different  places  that  I  am  unable  to  give  any 
precise  information  respecting  the  cost  of  conveying  the  minerals  for  the 
foundry  and  forge  iron.  Although  for  Bessemer  iron  a  mixture  of  ores 
is  used,  nothing  at  the  present  moment — 1884 — is  cheaper  than  that 
of  Bilbao.  Inclusive  of  sea  fireight,  the  carriage  on  the  ore  and  coal 
will  cost  about  23s.  on  the  ton  of  iron  and  the  royalties  Is. 

It  is  very  difScult  to  give  a  correct  average  of  the  Westphalian 
works  owing  to  the  great  differences  in  the  character  of  the  blast 
furnaces. 
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At  the  period  when  the  above  information  was  collected  I  was 
informed  that  the  white  pig  of  Lnzemburg  was  being  delivered  at 
the  Bhenish  works  at  45s.  per  ton. 

FRANCE. 
DEPARTMENT  OF  MEURTHE- 
Foundry  Iron,  137     Forge  Iron  ...    110 

The  coke  nsed  for  making  the  above-mentioned  iron  is  brought  from 
the  Bnhr,  a  distance  of  215  miles ;  from  Anzin,  277  miles ;  and  from 
Saarbriick,  61  miles.  The  cost  of  conveying  the  materials  to  the 
faruace  will  probably  be  from  8s.  to  10s.  per  ton  of  iron,  according 
to  the  proportions  of  Oerman  or  French  coke  which  is  used.  The 
royalties  will  not  amonnt  to  Is.  It  is  perhaps  worthy  of  note  that 
grey  pig  iron  was  selling  in  the  neighbourhood  of  this  work  for  SOs. 
more  than  the  price  at  Middlesbrough. 

NEIGHBOURHOOD  OF  NANCY- 

At  one  work  Forge  iron...l03 
At  a  second  work 90 

The  ore  was  from  the  oolitic  bed^  and  the  coke  partly  from  Anzin  and 
partly  from  Saarbriick.  In  both  cases  the  conveyance  was  by  canal, 
costing  78.  2^.  in  the  former  and  28.  9^  in  the  latter  case.  The 
cost  of  conveying  the  ore  was  only  7d.  per  ton,  by  rail.  Approximately 
therefore  we  may  take  the  charge  of  bringing  the  minerals  to  the 
furnace  to  be  7s.  9d.  on  the  ton  of  iron,  and  the  royalties  under  Is. 

From  a  work  further  south,  and  not  so  favourably  situated,  using 
oolitic  stone  for  forge  iron,  a  mixture  of  ores  for  foundry  purposes,  and 
chiefly  African  ore  for  Bessemer,  I  have  the  following  estimates  in 
comparison  with  Middlesbrough  costs : — 

Foundry  Iron,  129    Forge  iron  ...  123     Bessemer  ...  214 

NEIGHBOURHOOD  OF  ST.  ETIENNE- 

Bessemer  Iron 221 

A  second  work  Bessemer  iron...  230 
Do.     in  1867  Bessemer  Iron...    212 

Although  St.  Etienne  is  plentifully  supplied  with  coal,  the  great 
demand  upon  its  resources  keeps  up  the  price.  In  illustration  of  this 
I  have  inserted  the  cost  of  Bessemer  iron  in  the  year  1867,  when  coke 
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wa8  valued  at  22  francs,  whereas  nearly  20  years  afterwards,  witb  the 
iron  trade  generally  speaking  in  a  depressed  state,  it  was  seUing  at 
25  francs,  and  the  washed  coal  from  wliich  it  was  made  at  13s.  6d.  al 
the  furnaces.  Neither  can  the  district  be  said  to  be  well  situate  u 
regards  ore,  being  largely  dependent  on  that  from  Mokta  in  Africa. 
The  price  of  this  ore  at  that  time  was  12s.  8d.  per  ton  f.o.b.,  the  sei 
fi*eight  and  railway  carriage  198.  4d.  Elba  and  other  ores  were  used, 
but  they  were  equally  dear.  The  mere  cost  of  carriage  on  the  minerals 
from  the  mines  must  be  more  than  30s.  on  the  ton  of  iron. 

CENTRAL  FRANCE  (Four  examples)— 

Forge  Iron  ...    158 
Do.  ...    175 

Do.  ...    187 

Do.  ...    156 

It  is  many  years  since  I  visited  the  works  of  the  district  in  the  depart- 
ment of  AUier.  I  have  no  reason  for  thinking  fuel  is  any  cheaper  now 
than  it  was  when  I  examined  the  works,  and  the  ore  was,  when  I  was 
there  expensive  to  obtain.  Since  then  the  ironstone  of  Eastern  France, 
between  Metz  and  Nancy,  has  been  developed,  and,  as  will  be  seen  on 
comparing  the  districts,  is  infinitely  more  fietvourably  situate  than  that 
of  any  other  part  of  the  French  territory. 

BELGIUM. 

As  already  intimated,  page  G59,  the  ironworks  of  Belgium  are  almost 
entirely  dependent  on  imported  ores.  For  common  purposes  the  supplies 
are  brought  fix)m  Luxemburg,  and  for  Bessemer  iron  the  mines  of  Bilbao 
furnish  the  largest  quantity.  Begarding  these  two  varieties  of  ore  as 
those  upon  which  Belgium  trade  rests  we  have : — 

Foundry  iron,  120     Forge  iron...    102     Bessemer  ...  140 

The  Luxemburg  ore  is  taken  at  78.  per  ton,  of  which  4s.  is  carriage ; 
and  the  Bilbao  ore  at  178.  of  which  8s.  is  carriage  from  Antwerp  partJj 
by  boat  and  partly  by  rail.  The  ore  is  valued  at  14s.  car  ship  at 
Antwerp ;  freight  from  Bilbao  Ss.  Approximately  the  conveyance  of 
the  minerals  per  ton  of  iron  made  from  Luxemburg  ore  is  12s.  6d. 
and  138.  6d.,  and  the  total  conveyance  on  the  Bessemer  iron  will  pro* 
bably  stand  at  22s.  to  24s.  on  the  ton  of  pig. 
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UNITED   STATES. 

Mention  has  already  been  made  of  the  exoessive  fluctnationB  in  costs 
of  production  which  have  marked  the  progress  of  the  American  iron 
trade.  According  to  a  statement  which  has  already  appeared  in  these 
pages  (p.  606)  the  cost  of  minerals  in  a  ton  of  iron  made  on  Lake 
Chainplain  rose  from  15*85  dollars  in  1871  to  21'21  dollars  in  1874, 
or  from  100  to  128  per  cent.  The  starting  point  in  Gleyeland  was 
of  coarse  considerably  below  15*85,  bat  the  flactaation  of  cost  of 
minerals  was  such  that  what  might  be  taken  as  100  in  1871  rose  to  174 
in  the  year  1874,  and  fell  to  110  in  1876. 

It  has  not  been  my  good  fortune  to  visit  America  since  1876,  and 
I  have  not  sufficient  data  to  enable  me  to  compare  the  present  costs  in 
England  with  those  of  the  United  States.  I  have  therefore  found  it 
impossible  to  construct  a  comparative  table  of  costs  of  pig  iron,  which, 
instead  of  being  useful,  would  not  have  been  calculated  to  mislead. 
Not  only  upon  the  two  occasions  of  my  visits  to  America  were  the 
prices  paid  for  labour  in  connection  with  mining  and  iron  making,  in 
many  cases,  far  above  those  current  on  our  side  of  the  Atlantic,  but 
they  were  disproportionate  to  those  received  by  the  workmen  in  other 
branches  of  American  industry.  Besides  having  the  costs  unduly 
raised  from  this  cause,  the  iron  masters  complained  of  the  rates  charged 
for  carriage  on  the  railways,  and  of  the  price  of  coal  forced  up  by  a 
combination  among  the  railway  companies. 

Under  such  circumstances  no  actual  estimate  of  the  cost  of  pig 
iron  based  on  the  prices  of  1874  or  1876  would  have  had  any  value 
in  estimating  the  position  of  the  United  States  to  compete  wich  the 
iron-making  centres  in  Europe  in  an  export  trade.  I  have  upon  one 
or  two  occasions  inserted  information  obtained  since  my  visits  to  the 
iron  works  in  America,  and  this,  together  with  the  summary  which 
follows  hereafter  of  the  costs  of  bringing  the  minerals  to  the  ftimaces, 
will  give  a  general  idea  of  the  relative  cost  of  manuftkcture. 

As  a  rule  we  may  take  it  that  the  manufacture  of  pig  iron  is  carried 
on  in  the  Northern  States  under  circumstances  of  considerable  difficulty. 
Practically  this  means,  at  present,  the  entire  make  of  the  country, 
because  in  1882  the  quantity  made  in  the  Southern  States  did  not 
exceed  15  per  cent,  of  the  whole  production.  A  chief  and  at  the  same 
time  an  insurmountable  impediment  to  the  manu&cture  of  cheap  pig 

BB 
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iron  in  the  North  is  the  distance  generally  speaking  between  the  ore 
and  the  fnel.  I  propose  shortly  to  point  ont  the  extent  to  whidi  Hxt 
question  of  transport  affects  the  cost  of  pig  iron. 

At  pp.  662  and  664  it  was  estimated  that  in  1882  out  of  7,869,154 
gross  tons  of  ore  dealt  with  5,417,649  were  either  the  produce  of  fourrf 
the  Northern  States  or  were  imported.  The  different  sources  of  ori^ia 
of  this  last  named  quantity  were  as  follows : — 

Lake  Superior  including  Menominee  Range      2,943^14 

New  Jersey            ...        ...        •.•        ••.  •.•         -••  900,000 

Lake  Champlain     ...        •••        ...        •••  ••.         •••  675,000 

ComwaU  Bank       ...        ...        ...        •••  •••         •••  309,680 

Imported     ...        ...         ...         ...        •••  •••         •••  689,655 

Total        6,417,649 


The  chief  centres  of  consumption  of  the  ore  obtained  from  these 
sources  will  be  consecutively  examined  with  a  view  to  ascertain  the  cost 
of  bringing  together  the  minerals  required  to  produce  one  ton  of  pig 

iron. 

Cost  of  conveying  minerals  for  a  ton  of  iron  made 
from  Lake  Superior  ore.— A  certain  quantity  of  the  produce  of 
the  mines  of  this  district  is  smelted  on  the  spot  by  means  of  charcoal. 
In  this  case  the  carriage  of  the  ore  will  probably  not  exceed  Is.  or  28. 
per  ton.  The  cost  of  conveying  the  charcoal  vaiies  exceedingly,  but 
supposing  it  to  average  5s.  the  total  expense  of  bringing  the  raw 
materials  together  will  work  out  to  about  8s.  on  the  ton  of  pig  iron. 
Taking  Cleveland  City  as  the  nearest  point  of  consumption  of  pig,  the 
carriage  on  the  metal  including  lake  freight,  will  be  about  128.,  bring- 
ing up  the  total  to  208.  per  ton  of  iron.  Delivered  at  Pittsburg  the 
total  cost  for  carriage  and  freight  would  come  to  about  25s.  per  ton 
of  pig.  To  Chicago,  where  there  are  Bessemer  works,  the  cost  of 
transport  would  be  something  less — say  about  23s. 

A  certain  quantity  of  the  Lake  Superior  ore  is  smelted  at  Chicago, 
and  the  cost  of  conveying  it  irom  the  mines  to  the  works  will  probabl? 
average  12s.  per  ton  :  the  fuel  used  in  the  blast  furnaces  is  coke  frctm 
Connellsville,  the  carriage  of  which  in  1876  was  about  208.  to  22g. 
From  this  it  is  estimated  that  the  cost  of  transport  on  the  minerals, 
per  ton  of  Bessemer  iron  \^as  not  less  than  46s. 
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The  carriage  of  a  ton  of  ore  from  the  Lake  Superior  Mines  to 
Cneveland  City  in  1874  was  148.  9d.  The  fuel  is  chiefly  raw  coal,  of 
iprhich  2J  tons  are  nsed  per  ton  of  grey  iron,  the  railway  dues  being 
4&  8id.  From  these  data  it  is  estimated  that  the  transport  on  the 
materials  for  a  ton  of  pig  will  be  about  32s. 

A  considerable  quantity  of  Lake  Superior  ore  goes  to  the  Pittsburg 
fomaoes.  The  carriage  of  the  ore  from  the  mines  was  about  288., 
and  that  of  coke  from  Connellsville  about  4s.,  and  of  limestone  about 
iB.  6d.  per  ton.  This  will  bring  the  cost  of  carriage  on  the  minerals, 
for  a  ton  of  iron,  to  about  40s.  6d. 

Cost  of  conveying  minerals  per  ton  of  Iron  made  from 
New  Jersey  ore.— This  ore  is  chiefly  conveyed  to  the  furnaces 
situate  to  the  west  of  the  mines  at  Andover,  Glendon,  &c.  The  dues 
by  rail  are  about  5s.  on  coal  and  ore.  Three  and  a  half  tons  are  used 
of  the  two  together  costing  for  transport  I7s.  6d. ;  which  with  that  on 
12  cwt.  of  limestone  brings  the  total  chaise  to  18s.  per  ton  of  metal. 

Cost  of  conveying  minerals  per  ton  of  iron  made  from 
ores  of  Lake  Champlain,— The  transport  charges  on  the  materials 
pel*  ton  of  iron  smelted  on  the  Lake  are  thus  made  up.  In  1874  the 
cost  of  conveying  the  coal,  partly  by  rail  and  partly  by  water,  was 
14s.  9d.,  and  that  of  the  ore  about  2s.  At  these  figm*es  the  conveyance 
of  the  minerals  was  about  268.  per  ton  of  pig.  But  to  get  the  iron 
to  market  costs  6s.  more,  making  the  total  cost  82s. 

If  the  Lake  Champlain  ore  is  smelted  on  the  Anthracite  coal-field, 
the  charges  for  transport  will  be  about  the  same  as  at  the  furnaces  on 
the  Lake  itself,  the  quantity  of  material  to  be  carried  either  way  not 
differing  greatly. 

Cost  of  conveying  the  minerals  per  ton  of  Iron  made 
from  Cornwall  ore.— The  expense  of  bringing  coal  to  Lebanon, 
where  the  furnaces  are  chiefly  situated,  in  1874  was  5s.  6d.  per  ton ; 
that  incurred  in  carrying  the  ore  to  Lebanon  is  Is.  2d.  The  average 
consumption  is  about  2  tons  of  ore  and  the  same  of  coal,  and  |  ton  of 
limestone;  which  brings  the  cost  per  ton  of  iron  for  carriage  of 
materials  to  about  13s. 

Cost  of  conveying  minerals  per  ton  of  Iron  made  from 
imported  ores.— I  saw  at  a  large  work  in  the  Lehigh  Valley  a  con- 
siderable quantity  of  ore  imported  from  Europe.    The  chief  source  of 
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supply  is  from  Bilbao.    Ships  which  have  brought  American  prodooe  to 
the  United  Kingdom  &c.  occasionally  go  roand  by  the  Bay  of  Biscay 
and  load  ore.    The  freight  varies  considerably,  bat  far  the  poipoBeid 
this  estimate  we  will  assume  the  rate  to  be  12s.  6d.    Indading  nnloal- 
ing  ab  New  York  and  railway  dues  to  the  furnaces,  the  cost  of  cairia^ 
will  not  fall  short  of  17s.  6d.    The  coal  is  34  miles  distant,  and  the 
charge  made  by  the  railway  company  was  8s.  per  ton.     The  expeiue 
therefore  on  the  ton  of  iron  for  conveying  the  minerals  will  not  fall 
short  of  4:0s. 

It  must  not  be  supposed  that  the  sums  just  mentioned,  as  represent- 
ing the  cost  of  bringing  the  minerals  to  the  blast  furnaces,  always  giire 
the  amount  actually  entailed  in  the  manufacture  of  every  ton  of  iron 
made  at  any  particular  work.  In  some  cases  no  doubt  the  whole  of 
the  materials  have  to  be  conveyed  over  the  full  distances  upon  which 
the  estimates  just  given  have  been  calculated.  In  others  however 
more  or  less  of  the  ore  which  is  smelted  may  be  obtained  from  mines 
more  favourably  situated  than  those  of  Lake  Superior  or  Lake  Champ- 
lain.  Looldng  at  the  question  however  as  a  whole,  we  have  something 
like  S^  million  tons  of  pig  iron  produced  in  the  Northern  States 
under  the  unfavourable  conditions  as  to  carriage  just  described. 

Cost  of  conveying  minerals  per  ton  of  Iron  In  Kentucky. 

— ^The  distances  of  the  mines  from  the  furnaces  vary  very  much.  The 
ironstone  has  sometimes  to  be  brought  by  rail  3  and  at  other  times  13 
miles.  In  my  notes  I  find  as  much  as  3s.  per  ton  of  ore  was  paid  for 
dues.  There  are  collieries  on  the  river  itself ;  and  from  one  of  these 
the  cost  of  bringing  the  fuel  to  one  furnace  I  visited  was  only  about 
6d.  per  ton.  Under  such  circumstances  as  those  just  referred  to  it  is 
not  probable  that  the  charge  for  carrying  the  minerals  for  a  ton  of  iron 
can  exceed  that  at  Middlesbrough,  say  78.  9d. 

Cost  of  conveying  the  minerals  per  ton  of  Iron  made 
from  the  Iron  Mountain  and  Pilot  Knob  of  Missouri.— The 

cost  of  bringing  the  produce  of  these  mines  to  the  Oarondalet  furnaces 
near  St.  Louis  was  about  7s.  9d.  in  1874.  The  fuel  preferred  was 
Connellsville  coke  brought  from  a  distance  of  600  miles,  at  a  cost  for 
conveyance  of  about  28s.  per  ton.  The  fuel  employed  however  con- 
sists of  60  per  cent,  of  coke  and  40  per  cent,  of  raw  coal,  brought  from 
the  Big  Muddy  Biver  coal-field.     This  latter  was  being  delivered  at 
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St.  Louis  for  lis.  9d.  by  the  Mississippi.  Including  the  river  freight, 
which  is  2s.  9|d.»  I  suppose  4s.  6d.  would  be  the  outside  cost  for 
carriage.  These  figures  would  bring  the  average  rate  of  carriage  on 
the  fuel  to  158.  6d.  The  weight  consumed  was  nearly  80  cwt.  per 
ton  of  iron,  so  that  the  total  expense  of  conveying  the  raw  materials  to 
the  furnaces  will  amount  to  about  858.  per  ton  of  the  metalproduced. 


In  some  of  the  above-mentioned  instances  of  costs  of  transport  of 
iron-making  minerals  in  the  United  States  there  are  rates,  such  as 
diose  on  the  Marquette  and  on  the  Iron  Mountain  and  St.  Louis 
Railways,  which  may  be  susceptible  of  reduction ;  but  in  many  cases, 
and  on  long  distances,  the  charge  does  not  appear  excessive. 

Before  considering  the  position  of  Tennessee,  Alabama,  and  Georgia 
I  would  refer  to  the  difBculties  t^he  American  iron  smelters  in  the 
Northern  States  have  had  to  encounter  in  the  high  prices  they  have 
had  to  pay  for  their  fuel  and  ore. 

As  regards  the  fuel,  the  observation  is  limited  to  the  furnaces 
using  anthracite ;  for  when  I  visited  the  ironworks  in  1874  the  price 
of  ConneUsville  coke  was  only  about  5s.  at  the  ovens,  and  since  then, 
according  to  Mr.  Swank's  returns,  it  has  been  sold  at  90  cents,  and 
generally  in  other  localities  the  price  of  coal  was  moderate. 

As  regards  anthracite  however,  although  in  1874  the  price  of  iron 
was  such  that  the  iron  meters  were  making  no  profit,  the  cost  of  this 
fuel  was  lis.  6d.  per  ton  at  the  pit,  leaving,  as  I  estimate,  from 
5s.  to  6s.  profit  to  the  mine  owner.  This  excessive  charge,  it  must  be 
remembered,  did  not  arise  from  any  difficulty  in  supplying  the  demand, 
but  from  a  combination  among  the  railway  companies,  who,  being  also 
coal-owners,  not  only  controlled  the  prices  of  their  own  coal,  but  by 
raising  the  dues  for  conveying  the  produce  of  independent  mine 
owners,  exercised  for  a  time  all  the  privileges  of  a  very  dangerous 
monopoly. 

For  the  excessive  price  of  ore  the  iron  trade  had  itself  to  blame. 
The  rapid  expansion  of  the  production  of  pig  iron,  already  spoken  of 
in  these  pages,  was  more  than  the  mines  were  able  to  meet,  and  in  con- 
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sequence^  owing  to  the  competition  offered  bj  the  ftimaoe  owners 
themselveSy  the  mine  owners  had  no  difficulty  in  maintaining  a  Tezj 
high  price  for  their  ore. 

According  to  my  own  observationB,  and  guided  bj  the  information 
I  obtained,  I  estimate  that  on  every  ton  of  iron  manufactiued  torn 
the  following  ores,  the  owners  of  the  best  mines  received  in  the  foni 
of  profits  the  amount  attached  to  each : — 

Lake  Superior 15b. 

Lake  Champlain          ...        ISs.  to  20i&. 
ComwaU  Bank 288. 

If  to  these  figures  9s.  to  10s.  6d.  of  profit  to  the  ooal-owners  has  to 
be  added  for  each  ton  of  iron  smelted  by  means  of  anthracite  it  most 
be  admitted  that  an  unprofitable  trade  was  being  made  to  cany  a  veiy 
heavy  burthen  on  its  shoulders. 

In  1876  the  price  of  coal  delivered  at  some  of  the  fnmaoes  was 
reduced  to  12s.  6d.  per  ton,  viz.,  10s.  Sd.  at  Mauch  Ghnnck,  vnth  2s.  3d. 
for  railway  dues.  The  values  given  me  for  the  various  ores  when  at 
the  mines  near  Marquette  in  1876,  were  as  under : — 


Ore  of  Jackson  Mine 

Per  Ton. 
s.       d. 

16  Hi 

Do.    Cleveland  Mine 

16     1 

Do.    Lake  Superior  Mine  ... 

15     1 

Do.    Michigamme  Mine 

14    M 

Practically  therefore  the  ore  was  sold  at  the  same  rates  in  1876  ai 
it  was  in  1874 ;  pig  iron  at  Middlesbrough  in  the  meantime  having 
fallen  23s.  and  Scotch  pig  at  Glasgow  29s.  per  ton. 

Cost  of  conveying  minerals  to  make  a  ton  of  iron  in 
tlie  Soutliern  States.— For  the  purpose  of  examining  this  branch 
of  the  subject  I  prefer  taking  Alabama,  as  being  the  state  in  which,  in 
all  probability,  the  cheapest  iron  will  hereafter  be  made  in  all  the 
American  Union.  The  close  proximity  of  the  coal  and  ore  has  already 
been  described,  but  the  introduction  of  the  manufacture  of  pig  iron  by 
means  of  fossil  fuel,  is  too  recent  to  have  afforded  opportunities  of 
opening  up  the  country  by  sufficient  railway  accommodation.  I  cannot 
doubt  however,  from  what  I  saw  and  heard,  that  many  locations  will 
present  themselves  where  the  distance  of  transport  of  one  of  the 
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materials  to  famaces  sitaated  on  the  others  will  not  exceed  3  or  4 
miles.  If  I  am  correct  in  this,  then  probably  something  under  2s.  6d. 
per  ton  of  pig  iron  will  cover  the  cost  of  carriage ;  but  should  it  from 
any  circumstances  unknown  to  myself  amount  to  5s.>  still  it  would  seem» 
from  this  and  from  what  has  preceded,  that  there  are  few  if  any 
countries,  where  pig  iron  can  be  produced  on  cheaper  terms  than  it 
will  be  manufactured  in  Alabama. 


With  the  enormous  resources  possessed  by  the  United  States  in  ore 
and  coal,  the  question  of  the  capability  of  America  to  become  a  great 
e^cporter  of  iron  is  one  which  greatly  interests  the  Britisluproducer  in 
the  future.  Of  the  ability  of  the  United  States  to  occupy  this  position 
some  public  writers  there  as  well  as  private  individuals  entertain  some- 
what sanguine  expectations.  In  1876  Mr.  W.  E.  S.  Baker,  of  Phila- 
delphia, Secretary  to  the  Eastern  Ironmasters'  Association,  compiled 
tables  showing  the  cost  of  pig  and  bar  iron  at  the  works,  beginning  in 
1850  and  ending  at  the  end  of  March,  1876.  Their  contents,  coming 
as  they  do  from  an  ofiScial  authority,  are  interesting  at  the  point  we 
have  now  reached,  and  I  therefore  insert  the  tables  on  page  696  com- 
piled by  this  officer  of  the  Eastern  iron  trade. 

The  Iron  Age  newspaper  of  New  York  offers  the  following  obser- 
vations upon  Mr.  Baker's  statements : — 

"Mr.  Baker's  fignres  are  compiled  with  great  care,  and  fairly 
represent  the  cost  of  pig  and  bar  iron  at  Pennsylvania  favourably 
situated  for  economy.  Some  furnace  and  mill  owners  can  probably 
make  iron  for  less  than  the  totals  given  in  Mr.  Baker's  table ;  a  great 
many  others  think  they  can,  and  the  results  of  mistakes  of  this  kind 
as  to  the  cost  of  iron  are  found  in  the  failure  of  upwards  of  40  per  cent, 
of  our  iron  works,  east  and  west,  since  1873." 

"Comparing  the  totals  of  costs  for  a  series  of  years,  we  find  that  pig 
iron  can  be  made  cheaper  to-day  than  at  any  time  since  1863 ;  while 
the  cost  of  converting  pig  iron  into  bars  is  less  than  at  any  time  since 
1862.  Examining  the  items  entering  into  the  cost  of  pig  iron,  we 
find  that  labour  has  been  reduced  to  ante-war  rates.  In  some  places 
of  which  we  know,  labour  employed  in  mines  is  down  to  80  cents  per 
day,  and  in  others  men  can  be  had  for  the  rough  work  about  blast 
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fomaces  for  90  cents.  There  is  no  room  for  contraction  here,  nor  can 
rates  of  wages  be  maintained  on  the  present  starvation  basis,  unless 
we  are  prepared  to  see  our  working  men  reduced  to  a  level  scarcely 
above  that  of  the  agricultural  labourer  in  England.  With  meat  and 
provisions  at  present  prices,  working  men  cannot  support  even  small 
families  in  comfort  on  80  or  90  cents  a-day.  The  labour  employed  in 
rolling  mills  has  not,  as  will  be  seen  from  the  lower  table,  declined  in 
the  same  proportion,  as  blast  furnace  labour ;  but  it  is  down  very  close 
to  starvation  rates  in  the  east,  especially  as  the  men  seldom  have  work 
more  than  half  the  time.  Examining  the  cost  of  ore,  we  find  that  the 
furnaces  are  paying  more  by  2  dollars  per  ton  than  in  1868.  This  is 
chiefly  because  of  its  scarcity  near  furnaces,  and  partly  because  of  high 
rates  of  freight  by  rail.  Looking  at  the  cost  of  anthracite  coal  per 
ton  of  pig  iron,  we  find  that,  notwithstanding  a  decline  from  the 
extortionate  prices  charged  from  1865  to  1875,  it  is  still  nearly  double 
the  price  of  the  monopoly  which  now  controls  the  anthracite  mines 
and  their  outlets.  We  shall  have  a  few  words  to  say  on  this  subject 
further  on.  The  price  of  bituminous  coal  has  declined  about  in  pro- 
portion to  the  decline  in  ore,  for  the  reason  that  the  sources  of  supply 
are  so  extensive  and  widely  separated  that  no  combination  among 
producers  is  possible.  The  cost  of  pig  iron  per  ton  of  bars  has  not 
been  so  low  since  1851,  and,  but  for  the  high  freights,  would  cost  the 
mill  less  than  before  the  war." 

"The  tables,  and  the  conclusions  we  have  taken  the  liberty  of  draw- 
ing from  them,  furnish  material  for  much  profitable  thought.'' 

"All  that  stands  between  us  now  and  the  attainment  of  cheapness  of 
production,  which  would  place  our  iron  in  the  world's  market  in  com- 
petition with  the  cheapest  foreign  irons  of  marketable  quality,  is  the 
rapacity  of  the  coal  operators  and  the  greed  of  the  railroads.  It  is 
well-known  that  the  anthracite  monopolists  fix  their  prices  two  months 
a-head — a  thiog  unheard-of  in  any  other  branch  of  trade — and  by  com- 
binations clearly  illegal,  control  the  amount  of  production,  the  price, 
and  the  cost  of  transportation  and  handling.  The  railroads  arrange 
their  tarifi^s  so  that  they  can  pay  ten  per  cent,  on  watered  capital ;  and 
the  policy  of  their  management  in  a  majority  of  instances,  is  so  to 
operate  the  wires  that  one  end  shall  reach  the  Stock  Exchange  and 
the  other  terminate  in  the  pockets  of  the  directors." 
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''With  our  present  capacity  for  producing  iron,  it  is  obvious  tiiatite 
utilisation  depends  upon  the  building-up  of  an  export  trade ;  bat, 
before  we  can  do  this  with  the  certainty  of  holding  such  advantage  as 
we  may  gain,  we  must  be  able  to  reduce  the  cost  of  prodaction  eren 
below  the  present  lowest  average.  To  secure  a  further  redaction  in 
the  cost  of  materials  we  must  break  up  the  coal  ring  and  the  raihxMid 
ring.  This  could  be  done,  as  we  shall  show  in  a  future  issue,  by  l^al 
means ;  whether  it  will  or  not  depends  upon  whether  the  iron  markets 
of  the  East  have  the  courage  to  grapple  with  the  evils  thej  haTC 
allowed  to  grow  during  the  years  of  their  prosperity." 

Mr.  Baker  mentions  that  the  ore  used  in  the  blast  f  umaoes  oonsistB  of 
a  mixture  of  Juinata  and  Montour  hematites,  with  a  little  (Cornwall, 
and  that  the  average  couBumption  over  20  years  was  2' 17  tons  per  ton 
of  pig — equal  therefore  to  46*08  per  cent.  The  coal  was  anthracite, 
chiefly  from  the  Wyoming  and  Lehigh  Valleys :  40  cwts.  were  used 
per  ton,  and  20*08  cwts.  of  limestone. 

The  coal  used  in  the  mills  was  Broadtop  and  Cumberland. 
Mr.  Baker  gives  20*32  cwts.  of  coal  to  have  been  consumed  per  ton  of 
finished  bars,  and  20*10  cwts.  of  a  mixture  of  white  pig  iron.  Both 
these  quantities  however  are,  I  cannot  help  thinking,  erroneous. 

Now  I  cannot  resist  the  impression  that  some  very  important  mat- 
tors  have  been  overlooked  in  commenting  upon  these  figures,  which  are 
calculated,  according  to  the  Iron  Age,  to  convey  a  lesson  to  the  iron 
manufacturers  of  America  as  to  the  means  to  be  pursued  to  obtain 
an  export  trade. 

The  railway  companies  are  held  partly  responsible  by  the  journal 
in  question,  for  the  high  price  of  ores  in  the  later  years  given  in 
Mr.  Baker's  tables ;  but  in  reality  the  other  cause  referred  to  is  far 
more  responsible  for  the  change  than  the  railways  viz. :  the  scarcity  of 
oi*e  near  the  furnaces.  It  was  some  15  years  after  the  periods  of  cheap 
production,  in  1860  and  the  following  years,  before  Lake  Superior  and 
Lake  Champlain  did  much  to  rescue  the  American  iron  trade  from  the 
impending  ore  famine  which  threatened  to  overtake  it.  When  snppUes 
commenced  to  reach  the  blast  furnaces  from  these  distant  mines,  they 
came  loaded  with  a  weight  of  something  like  GOs.  on  every  ton  of  iron 
they  furnished,  in  the  shape  of  carriage  and  profit  to  the  mine  owners, 
charged  at  famine  prices^  as  commodities  usually  are  in  times  of 
scarcity. 
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I  have  already  pointed  ont  the  circamstances  which  enabled  the 
railway  companies  and  coal  owners  to  inflict  "the  extortionate  prices'* 
complained  of  in  the  Iron  Age^  upon  a  trade  in  which  there  had  been 
"failures  of  40  per  cent,  of  the  ironworks  since  the  year  1873."  The 
combination  met^  as  I  foretold  in  1874  it  would  meet,  its  own  reward ; 
but  after  all  the  line  is  perhaps  not  a  very  strong  one  which  divides 
the  policy  under  which  railroads  and  coal  owners^  independently  of 
State  assistance,  raise  the  price  of  coal,  from  that  under  which  iron 
masters^  demand  and  secure  that  State  co-operation  which  enables 
them  to  tread  in  the  footsteps  of  the  very  monopoly  so  distasteful  to 
the  editor  of  the  journal  just  quoted. 

Before  noticing  what  is  advanced  by  the  Iron  Age  on  the  labour 
question,  I  would  call  attention  to  the  unexplained  causes  which  have 
raised  the  cost  on  bar  iron  for  "sundries"  (which  must  mean  stores, 
repairs,  rates  and  taxes,  management  &c.)  from  4*64  dollars  in  1850  to 
above  10  dollars  in  subsequent  years;  and  the  apparently  wasteful 
method  in  which  the  pig  iron  has  been  treated  in  the  mills,  sometimes 
as  much  as  83  cwts.  (and  in  one  case  40  cwts.)  having  apparently 
been  consumed  to  produce  a  ton  of  bars. 

With  regard  to  the  subject  of  labour,  the  Iron  Age^  writing  in 
1876,  mentions  that  the  rates  of  wages  were  then  "on  a  starvation 
basis,"  although  in  a  ton  of  pig  iron  they  amount  to  10s.  4d.  and  of 
bar  iron  to  59s.  8d. ;  and  these  excessive  prices  appear  in  the  list  to 
have  been  only  one-half  what  they  were  in  some  of  the  previous  years. 
The  writer  goes  on  to  say  tbat,  unless,  in  America,  they  are  prepared 
to  see  their  working  men  reduced  to  a  levjel  scarcely  superior  to  that  of 
the  agricultural  labourer  in  England,  wages  must  be  increased.  The 
fact  however  is  that  the  wages  of  ironworkers  at  that  time  (1876)  were 
quite  as  high  or  higher  than  they  were  at  Middlesbrough,  when 
Mr.  Weeks,  the  present  editor  of  the  Iron  Age,  visited  that  district  in 
1882.  The  results  of  his  enquiries  have  already  been  referred  to  in 
these  pages,  and  need  not  be  further  enlarged  upon.  One  remark  may 
however  be  permitted  in  reference  to  such  charges  for  labour  as  10s.  4d. 
on  pig  iron  and  59s.  8d.  on  bars  (12s.  5d.  and  66s.  9^d.  per  imperial 
ton),  namely  that  they  can  only  have  been  the  result  of  most  defective 
arrangements  in  the  plant  itself,  or  of  a  deficiency  in  the  amount  of 
work  performed  by  the  men,  such  as  did  not  entitle  them  to  higher 
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wages  than  those  of  the  most  unskilled  ''agricoltaral  labonrers  in 
England"  or  elsewhere.  It  is  only  due  to  the  iron  masters  and  to  Uie 
men  to  say  that  no  such  incapacity  on  either  side  came  under  my 
notice  daring  very  extensive  examinations  of  what  was  doing  in  1874 
and  1876.  Passing  by  the  difficnlty  of  reconciling  the  necessity  of 
guarding  against  foreign  importations  (already  bnrthened  with  cost  of 
freight)  by  a  protective  duty,  with  the  expectation  of  a  fhtnre  export 
trade,  which  in  its  turn  must  be  saddled  with  transport  charges,  it 
seems  to  me  that  so  long  as  the  Northern  States  are  dependent  upon 
these  present  mining  resources  as  regards  ore,  it  is  futile  to  hope  for 
any  export  trade  from  that  division  of  the  Union.  On  the  con- 
trary the  iron  masters  of  the  North  must  prepaid  themselves  for 
importations,  not  from  Europe  but  from  a  quarter  against  which 
the  present  legislative  constitution  of  the  States  will  afford  no  pro- 
tection. 

The  quarter  alluded  to  is  of  course  the  Southern  States.  Very 
triflii^g  extensions  of  the  present  railways  will  place  the  whole  of 
Tennessee,  Alabama  and  Georgia  in  direct  communication  with  the 
Tennessee  river.  I  understand  one  impediment  only  exists,  which 
impedes  free  navigation.  This  removed,  the  Mississippi  and  Ohio  will 
become  accessible  from  those  States  by  steam  navigation.  The  distance 
from  a  central  point,  say  Chattanooga,  to  Pittsburg  by  river  is  probably 
1,000  miles,  for  which  the  freight  will  probably  not  exceed  that  from 
Great  Britain.  In  these  Southern  States  coal  can  be  worked  nearly  as 
cheaply  as  at  Connellsv^e,  while  the  labour  on  the  whole  of  the  ore 
entering  into  the  manufEtcture  of  a  ton  of  iron  is  not  more  than  that 
expended  on  the  extraction  of  a  single  ton  of  ore  near  Marquette. 
Besides  this  there  is  the  fact  that  the  bringing  of  the  minerals  together 
in  the  Northern  States  often  costs  30s.  to  40s.  per  ton  of  iron  made. 
With  these  elements  of  cost,  it  seems  impossible  to  deny  that,  in  the 
absence  of  fresh  ore  discoveries  in  the  North,  time  alone  is  required 
to  produce  a  considerable  change  in  the  seats  of  the  American  iron 
trade. 

This  state  of  things  naturally  suggests  the  enquiry  as  to  the  ability 
of  the  South  to  enter  the  markets  of  the  world  in  competition  with 
Great  Britain.  It  cannot  be  disputed  that  up  to  this  time  pig  iron 
has  never  been  produced  in  Alabama  or  in  its  vicinity^  within  some 
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ahillings  per  ton,  of  the  price  at  which  it  can  be  made  from  Cleveland 
ironstone  in  England.  The  removal  of  difficulties  which  always  beset 
the  introduction  of  new  industries  may  partly  equalise  these  diflferences, 
but  by  that  time  labour  probably  will  no  longer  be  to  be  had  in  the 
Southern  States  upon  so  much  lower  terms  than  it  commands  in  the 
North.  Be  this  however  as  it  may,  there  remains  the  insurmountable 
difficulty  of  the  post  of  transport  to  the  chief  iron-consuming  popula- 
tions in  the  world,  viz.  those  of  Europe.  The  nearest  point  of  the 
Alabama  mineral  field  cannot  be  short  of  150  miles  from  the  sea- 
board. Admitting  the  carriage  from  the  works  to  be  done  for  j^,  per 
ton  per  mile,  this  added  to  the  Atlantic  freight,  would,  probably  entail 
a  cost  of  20s.  per  ton  of  iron  delivered  on  the  shores  of  Great  Britain 
or  of  Northern  Europe,  above  that  paid  by  ourselves  or  by  Germany. 
This  extra  charge  for  freight  no  doubt  which  would  be  reduced  when 
competing  with  us  for  the  custom  of  the  Mediterranean  ports  or  those 
of  Asia,  South  Africa,  Australia,  &c. 

In  contemplating  the  future  of  such  a  trade  as  that  of  iron,  we 
naturally  are  led  to  consider  the  possible  sources  of  further  economy. 
Little  need  be  said  in  respect  to  improvements  in  the  process  itself; 
firstly  because  we  have  arrived  at  a  point  at  which  any  great  relief 
from  this  quarter  can  scarcely  be  hoped  for,  and  secondly  because,  were 
it  otherwise  these  same  improvements  would  speedily  be  everywhere 
adopted. 

Accepting  Cleveland,  as  has  already  been  done,  as  a  standard  of 
comparison,  the  expenses  of  manufacturing  pig  iron  included  about 
7s.  9d.  for  railway  charges  and  3s.  9d.  for  royalty  dues.  These  together 
amount  to  lis.  6d.,  or  nearly  83  per  cent,  of  its  entire  cost,  wheieas  in 
the  Southern  States  these  two  items  are  not  half  the  sum  just  named. 
Can  the  English  railway  companies  abate  their  charges,  and  will  the 
English  landowners  be  satisfied  with  more  moderate  royalties  ?  The 
first  of  these  probabilities  depends  on  the  ability  of  the  great  carrying 
interests  in  England  to  afford  any  relief  in  the  direction  suggested; 
the  second  on  the  willingness  of  the  landowners  to  be  content  with 
such  an  amount  as  will  enable  the  British  manufacturers,  in  ca^e  of 
need,  to  compete  with  foreign  nations. 

It  is  almost  unnecessary  to  mention  that  the  observations  just 
made  in  reference  to  the  relative  position  of  Great  Britain  and  the 
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Sonthem  States  of  America  may  be  materially  altered,  not  immediatdr, 
bnt  within  a  few  generations.  The  capability  of  the  Durham  coal-fieU 
to  furnish  cheap  fdel  to  the  ironworks  will  be  gradually  curtailed;  aaad 
as  this  takes  place  coke  and  coal  will  have  to  be  brought  from  greats 
distances.  At  present  the  States  in  question  may  be  Tegaxded  as  Tiigin 
ground,  in  which  iron  ore  and  coal,  as  I  understand,  exist  in  sufficient 
abundance  to  endure  long  after  the  north-eastern  coal-fields  of  England 
are  exhausted. 

The  question  which  has  just  been  raised  respecting  the  United 
States  brings  us  as  a  natural  consequence  to  consider  the  prospects  of 
the  three  European  nations  more  prominently  referred  to  in  these  pages, 
as  regards  competition  with  us  in  the  exportation  of  iron  and  steeL 

The  quarter,  indeed  it  may  be  said  the  only  quarter,  from  which 
Great  Britain  is  threatened,  at  present  at  all  events,  with  successful 
competition  is  from  those  districts  which  are  either  situate  upon  or  are 
within  easy  reach  of  the  great  iron  ore  deposit  stretching  from  Western 
Germany  through   Luxemburg  into  Eastern  France.     From  some 
cause  or  another,  there  seems  occasionally  a  greater  difficulty  in 
producing  foundry  iron  from  this  variety  of  mineral  than  obtains  in 
the  use  of  the  Cleveland  ironstone.    It  is  however  in  the  subsequent 
products  of  malleable  iron  and  steel  that  we  have  most  to  fear  the 
rivalry  of  our  continental  neighboui-s,  rather  than  in  pig  iron.    The 
reason  of  this  is  that  labour  being  cheaper  with  them  than  it  is  with 
ourselves,  it  is  only  when  wages  enter  more  largely  into  the  cost  of  the 
product  than  they  do  in  the  case  of  pig  iron,  that  the  continental 
advantages  from  this  source  operate  seriously  to  the  prejudice  of  the 
British  manufacturers.    At  the  same  time,  cheap  pig  iron  is  an  all- 
important  factor  in  the  economical  production  of  iron  and  steel,  and 
so  far  as  the  raw  materials  for  the  blast  furnaces  are  concerned,  it 
would  appear,  from  what  has  been  said  a  few  pages  back,  that  Westt  rn 
Germany,  Luxemburg  and  Eastern  France  enjoy  facilities,  in  some 
cases,  even  superior  to  those  possessed  by  the  district  in  England  most 
favourably  situated  for  exportation.     Belgium  on  the  other  hand, 
having  to  bring  its  ore  from  Luxemburg  at  a  cost  of  4s.  8d.  per  ton 
for  carriage,  although  it  has  coal  on  the  spot,  is  unable  to  obtain  tlie 
raw  materials  for  its  pig  iron  quite  as  cheaply  as  they  are  delivered  to 
the  Cleveland  furnaces. 
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Immediately  after  completing  my  work  at  the  French  Exhibition 
in  1878, 1  visited  the  districts  from  which  girders  and  other  forms  of 
malleable  iron,  including  considerable  quantities  of  wire  rods,  were 
being  sent  to  London.  This  was  at  a  time  when  the  iron  trade  was 
by  no  means  in  a  flourishing  condition,  either  thei-e  or  with  ourselves. 
Pig  iron  No.  3  averaged  at  Middlesbrough  38s.  2d.,  and  forge  iron 
probably  about  37s. 

Girders  were  quoted  at  one  work  in  the  West  of  Germany  at  £6 
up  to  8  inches  in  depth  and  £7  10s.  above  this  size.  This  establish- 
ment, although  it  had  to  bring  the  Luxemburg  ore  from  a  considerable 
distance,  was  able  to  produce  the  pig  iron  used  in  the  mills  upon  terms 
quite  as  low  as  that  named  as  the  selling  price  at  Middlesbrough. 
According  to  the  costs  furnished  to  me,  the  price  of  £6  for  girders  left, 
considering  the  state  of  the  trade  at  the  time,  a  fair  and  reasonable 
profit.  The  cost  of  conveying  these  girders  to  London  was  lis.  lO^d. 
to  Antwerp  plus  4s.  6jd.  from  Antwei-p  to  London,  or  together  16s.  7d. 
per  ton.  The  freight  from  Middlesbrough  to  London  may  be  taken 
at  6s.;  so  that  with  the  cheaper  wages  in  the  mill  and  a  trifling 
sacrifice  of  the  profit,  there  is  no  doubt  the  German  manufacturer  is 
quite  able  to  compete  with  anyone  in  Middlesbrough  in  the  article  in 
question.  There  are  however  mills  in  Western  Germany  at  which  pig 
iron  can  be  made  on  more  advantageous  terms  than  at  the  work  just 
referred  to,  and  where  girders  will  cost  a  proportionately  lower  price, 
while  the  carriage  to  London  is  no  higher.  From  such  establishmeute 
wire  rods  of  excellent  quality  were  being  delivered  in  London  at  £7  58. 
per  ton,  a  price  at  which  one  of  our  makers,  using  however  a  superior 
class  of  pig  iron,  informed  me  at  the  time  he  could  not  compete. 

Belgium  undoubtedly  is  not  so  well  situated  as  the  last  mentioned 
works,  having,  as  was  just  mentioned,  to  bring  its  ore  from  Luxemburg 
at  a  cost  of  4s.  to  4s.  6d.  per  ton  for  carriage.  Pig  iron  can  however 
be  produced  in  Belgium  for  making  girders  as  cheaply  as  at  the  work 
in  West  Germany  first  spoken  of,  and  it  enjoys  an  advantage  over 
both  in  a  cheaper  cost  of  transport  to  London,  viz.  8s.  Id.  instead 
of  16s.  7d. 

As  an  element  of  cheap  production  in  the  works  just  referred  to  as 
engaged  in  the  manufacture  of  girders  (and  also  of  iron  sleepers),  may 
be  mentioned  the  suitability  of  their  pig  iron  for  the  purposes  in 
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qnestion.  The  puddled  iron  it  affords  is  somewhat  oold-short  in  its 
character,  which  enables  the  mannf acturers  to  use  a  smaller  quantity 
of  roQghed-down  iron  than  wonld^  I  think,  be  fonnd  practicable  in 
England.  This  however,  in  oar  present  state  of  knowledge,  is  a 
matter  within  the  power  of  the  English  smelters  and  mill  owner.  Pig 
iron  for  Bessemer  purposes  can  be  made  at  the  will  of  the  smelter, 
and,  what  is  more  germane  to  the  present  argument,  pig  iron  is  being 
produced  of  the  exact  composition,  as  regards  silicon  and  phosphoms, 
which  will  meet  the  requirements  of  the  basic  steel  maker. 

What  has  been  advanced  in  regard  to  certain  forms  of  malleable 
iron  is  no  doubt  equally  applicable  to  the  subject  generally.  An  excep- 
tion however  must  be  made  to  the  manufacture  of  Bessemer  steel  bjr 
the  old,  or  the  so-called  acid  process.  This  arises,  as  has  already  been 
explained,  from  the  greater  or  less  dependence  of  England  and  the 
continent  of  Europe  on  the  mines  of  Bilbao  for  the  ore  required  in 
this  process.  So  long  as  the  necessary  supplies  of  this  mineral  are 
brought  to  a  seaport,  so  long  will  furnaces  situate  like  those  on 
the  Tyne  or  Tees  or  indeed  in  South  Wales,  enjoy  an  advantage  over 
Belgium  and  Westphalia.  On  referring  back  to  the  comparative  costs 
of  pig  iron  made  from  Bilbao  ore,  the  cost  taken  at  18s.  delivered  ex 
ship,  the  figures,  taking  Cleveland  No.  8  as  unity,  stood  thus : — 

The  Tyne      120 

A  ih9^7S'  ••*  «**  ••*  ■■•  ••*  *•■  A^M^^9 

South  Wales  125 

Belgium         140 

Westphalia 140 

The  entire  position  however  is  altered  by  the  adoption  of  the  basic 
process,  in  which  we  start  with  a  quality  of  pig  iron  not  much  if  any 
dearer  than  forge  iron. 

The  figures  representing  the  relative  costs  of  the  materials  for 
forge  iron  were  as  follows : — 

1  eeo        •••        ••*        ••«        »••        •••        •••        av^v^ 

Western  Germany        75 

1 1  SULi  %9   •••     •••     •••     •••     •■•     •••       o  & 

Belgium         102 

Westphalia 103 

The  result  of  the  discovery  of  the  basic  process  is,  that  places  like 
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Western  Gkrmany  and  Ilsede — without  any  ores  suitable  for  the  acid 
process  and  so  far  distant  from  a  seaport  that  the  carriage  of  the  ore 
from  the  ship  would  forbid  its  use — ^are  no  longer  shut  out  from  the 
manufacture  of  steel. 

If,  as  it  has  been  pretended,  the  cost  of  "  basic  material"  for  pig  iron 
in  extra  waste  and  additional  labour,  is  covered  by  10s.  per  ton  of  steel 
or  even  per  ton  of  pig  iron  used,  and  adding  lis.  in  the  case  of  Western 
Germany  and  Ilsede  for  dues  to  a  seaport,  4s.  in  that  of  Belgium  and 
6s.  of  Westphalia,  the  figures  will  be  approximately  thus  altered : — 

Western  Germany       118 

llOwUO        •••  .••  ..•  ...  •••  •••  II  "I* 

Belgium         114 

Westphalia 121 

Great  Britain  therefore,  although  it  still  possesses  some  advantage  over 
other  European  nations,  in  this  new  process  in  relation  to  its  export 
trade,  has  had  this  advantage  materially  lessened  by  the  introduction  of 
the  basic  process.  So  much  so  indeed  that  it  is,  in  some  instances, 
questionable  whether  the  cheaper  labour  in  the  steel  processes  them- 
selves, may  not  place  the  two  in  a  position  of  equality,  when  they  meet 
each  other  in  neutral  markets.  Such  certainly  appears  to  have  been 
the  case  even  when  the  higher  price  of  the  pig  iron  required  in  the 
acid  process  was  included ;  for  certain  it  is  that  as  regards  the  dearer 
kinds  of  steel,  such  as  that  for  springs,  railway  axles,  <&c.,  Belgium  and 
Westphalia  have  been  sending  considerable  quantities  for  the  use  of 
English  railways. 

The  figures  given,  which  I  believe  will  be  found  fairly  correct,  go 
to  prove  that  the  abrogation  of  all  import  duties  in  Belgium  or  Germany 
would  not  place  Great  Britain  in  a  better  position,  as  regards  the 
manufacture  of  forge  iron,  than  that  occupied  by  the  makers,  even 
in  the  least  favoured  of  the  districts  just  named.  The  force  of  this 
observation  is  still  stronger  when  applied  to  iron  in  the  more  advanced 
stages  of  malleable  iron  and  of  steel. 

The  stretch  of  country  between  Luxemburg  and  Nancy  would  be 
somewhat  less  favourably  placed  for  the  manufacture  of  steel  rails  than 
those  localities  above  described,  because  of  the  greater  distances  from 
the  coal ;  but  any  importations  required  for  Eastern  France  would* 

S9 
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under  the  conditions  of  the  cost  of  manufactare  in  Western  Germany, 
be  obtained  from  works  there  which  are  much  nearer  the  point  of 
consumption  than  those  of  Great  Britain. 

As  regards  Central  and  Southern  France,  their  geographical  position 
and  the  price  of  fuel  forbid  the  cultivation  of  a  large  foreign  trade.  I 
have  been  informed,  that  it  has  been  in  contemplation  to  remove  one 
of  the  rail  mills  in  the  neighbourhood  of  St.  Etienne  to  the  coast,  in 
order  to  render  the  Bilbao  ore  available  for  export  orders.  In  sudi  a 
case  the  coal  would  have  to  be  conveyed  over  a  considerable  distance ; 
but  whether,  looking  at  the  resources  of  Bilbao  in  respect  to  ore,  already 
placed  under  very  heavy  contributions,  and  also  at  the  expense  of  fuel 
such  a  course  would  be  a  prudent  one,  may  be  open  to  question. 

Since  writing  what  has  appeared  in  the  present  work  on  the 
construction  of  iron  vessels,  I  have  received  particulars  of  an  estab- 
lishment in  Norway,  where  something  like  800  men  are  engaged 
in  building  steamers  of  iron.  These  are  so  instructive  that  I  think 
it  desirable  to  quote  them  upon  the  present  occasion  together  with 
the  opinions  of  Mr.  Baylton  Dixon  the  well-known  shipbuilder  of 
Middlesbrough. 

On  comparing  the  wages  paid  at  the  yard  in  question  Mr.  Dixon 
estimates  that  upon  a  vessel  of  a  given  size*the  labour  will  cost  25  per 
cent,  less  than  that  expended  on  a  similar  vessel  built  in  England. 
From  the  advantage  accruing  from  this  source  must  be  deducted  the 
freight  on  the  materials  used  in  its  construction,  which  at  the  present 
time,  with  the  exception  of  timber^  may  be  said  to  be  taken  from 
England. 

The  net  result  of  these  two  factors  on  the  cost  is  such  that,  on  a 
vessel  of  1,500  tons  dead-weight  capacity,  the  Norwegian  builder  can 
turn  out  his  work  for  £525  less  than  his  English  competitor  is  able 
to  do  it. 

We  still  however,  in  the  competition  which  may  arise  between 
English  and  Norwegian  shipbuilders,  enjoy  the  privilege  of  furnishing 
the  iron  and  coal.  As  soon  however  as  the  German  mUls  are  placed 
upon  the  footing  of  those  in  our  country  which  are  laid  out  for  rolling 
large  quantities  of  ship-plates,  we  shall,  I  fear,  behold  this  trade  slip 
away  from  us,  unless  our  plate-rollers,  etc.,  are  willing  to  accept 
something  approaching  to  the  same  prices  as  those  paid  in  Germany 
and  elsewhere. 
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I  have  been  at  some  trouble  in  collecting  and  arranging  the  data 
necessary  for  comparing  the  position  of  the  chief  iron-producing  coun- 
tries in  the  world ;  being  impressed  with  its  importance  to  those  who 
are  deeply  interested  in  the  iron  trade  of  the  United  Kingdom.  The 
following  figures  will  give  an  idea  of  the  relative  extent  of  onr  home 
and  foreign  transactions  in  the  metal. 

In  the  year  1882  the  quantity  of  pig  iron  smelted  in  the  United 
Kingdom  was  8,493,287  tons.  At  the  same  time  the  following  quan- 
tities of  iron  of  diflTerent  kinds  were  exported,  and  to  these  I  have 
appended  the  approximate  weight  of  pig  iron  consumed  in  their 
manuJBacture  :^— * 


Exported. 

jMiiuTBiaa* 
in  Pig. 

Pi^  iron ... 

■  •  • 

1,758,152 

1,758,162 

Old  iron  for  re-xnannfactnre  ... 

131,393  \ 

Bar,  angle,  bolt  and  rod  iron  ... 

313,645 

Railroad  iron  of  yarions  sorts ... 

933,123 

TV  Xa^9              •••                 ■••                 ••■                 ••• 

86,686 

Hoops,  sheets  and  boiler  plates 

343,287 

3,240,181 

Tin  plates          

265,021 

Iron,  cast  or  wrongbt  and  manufactures 

329,399 

Steel  UB  wrought          

•  •  ■ 

171,653 

Manufactures  of  steel  or  steel  and 

iron 

17,938  , 

4,350,297 

4,998,333 

Thus  it  would  appear  that  in  one  form  or  another  close  on  59  per  cent, 
of  all  the  pig  iron  produced  in  Great  Britain  has  been  sent  out  of  the 
country.  During  the  same  year  there  was  imported  of  different  kinds 
812,676  tons,  equal  roughly  in  the  form  of  pig  to  890,845  tons. 

If  we  consult  the  list  of  our  exports  of  iron  of  all  kinds,  over  the  last 
ten  years^  there  has  been^  between  the  first  and  last  years  of  the  period, 
a  considerable  expansion  of  our  foreign  trade ;  but  it  has  to  be  remarked 
that  until  1880  there  was  no  increase  but  the  reverse.  The  last  three 
years  exhibit  a  marked  improvement,  chiefly  I  apprehend  due  to  a 
sudden  demand  for  iron  in  America  and  elsewhere.     Besides  the 


'  Compiled  from  Board  of  Trade  Reports  by  E.  Schmitz  &  Co.    Report  of  Iron 
Trade  Association,  1883,  p.  139. 
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weight  of  iron  exported  the  imports  of  the  bar  iron  and  other  forms 
of  manufactured  iron  and  Bteel  are  given.  The  actual  weights  are 
as  follows : — 

Imports. 
SXPOKTB.  »..T Iron  and  Steel         Total 


Bar  Iron. 


Biamrfactitfed.      Importa. 


1878  2,957,813  ...  74,666  30,767  105,433 

1874  2.487,522  ..  73,469  52,700  126,169 

1875  2,457,306  ...  34^28  58,002  92,230 

1876  2,224,470  ...  37,068  69,310  106,378 

1877  2.346,870  ...  42,254  83,981  126,235 

1878  2,296,860  ...  102,742  105,719  208,461 

1879  :  2,888,484  ...  95,468  112,335  207,793 

1880  8,792,993  ...  120,114  155,293  275,407 

1881  3,820,225  ...  111,700  175,648  287,348 

1882  4,350,297  ...  139,652  173,027  312,679 

It  may  be  urged  that  the  actual  quantity  of  iron  brought  into  this 
country  is  insignificant ;  but  the  steady  increase  is  not  unimportant, 
and  I  would  observe  that  the  motive  formerly  mentioned  in  treating 
the  export  of  steel  rails  does  not  apply  here.  In  transactions  of  this 
latter  description,  the  object  in  view  was  the  maintenance  of  large 
foreign  establishments  at  full  work;  in  these  now  under  conjsideration 
the  individual  orders  are  small,  and  cannot,  I  apprehend,  be  regarded 
otherwise  than  as  an  indication  of  the  ability  of  the  exporting  nations 
to  compete  with  British  manufacturers  on  their  own  ground.  It  is 
further  worthy  of  notice  that  the  increased  facilities  in  economical  pro- 
duction offered  by  the  basic  process,  as  already  described,  cannot  as 
yet  have  had  time  greatly  to  affect  the  subject  before  us. 

Should  the  views  I  have  laid  down  be  correct  we  naturally  look  to 
the  future  for  any  possible  change  in  circumstances  calculated  to 
operate  in  our  fevour. 

I  attach  little,  indeed  no  importance  to  any  improvements  m  the 
processes  connected  with  the  manufacture  itself ;  if  for  no  other  reason 
than  that  of  their  immediate  adoption  by  competing  nations.  But 
further  I  am  not  very  sanguine  of  the  possibility  of  the  iron-mastezs 
being  able  greatly  to  reduce,  by  further  change,  the  cost  of  production. 
In  the  blast  furnaces  not  only  is  there  practically  no  waste  of  iron  con- 
tained in  the  ore,  but  scientific  considerations  seem  to  justify  the 
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inference  that  if  any  economy  of  ftiel  is  possible,  its  extent  is  so  small  as 
scarcely  to  be  worth  consideration.  I  do  not  say  that  in  the  malleable 
ironworks  some  amelioration  is  not  possible,  but  the  uncertainty  of  the 
future  of  this  branch  of  the  trade  is  so  great,  as  to  offer  little  induce- 
ment to  a  manufacturer  to  incur  the  necessary  outlay  and  risk  connected 
with  mechanical  puddling  and  other  cognate  improvements.  When  we 
come  to  Bessemer  steel,  the  labour  and  expenses  connected  with  the 
act  of  conversion  have  been  brought  down  to  a  point  which  leaves 
but  little  margin  for  any  further  economy.  In  the  rail  mill^  such 
has  been  the  perfection  to  which  the  rolling  machinery  has  been 
brought  that  the  work  in  connection  with  this  department  can  be  done 
for  less  than  Is.  per  ton.  In  waste  of  metal  and  in  fuel  some  small 
improvement  is  not  impossible,  but  they  cannot,  I  think,  lessen  very 
materially  the  cost  of  production. 

In  connection  with  the  question  before  us  I  cannot  refrain  from 
calling  the  very  serious  attention  of  our  workmen  to  their  position 
in  connection  with  an  industry,  in  the  welfare  of  which  they  and 
their  employers  have  a  common  interest.  Free  Trade  has  placed 
within  their  reach  the  necessaries  of  life  upon  terms  practically  as 
favourable  as  those  enjoyed  by  any  European  nation.  An  exception 
in  their  favour,  by  imposing  a  duty  on  iron  so  as  to  shut  out  foreign 
competition  from  our  own  shores,  cannot,  as  they  know  quite  well,  be 
entertained.  Besides,  were  the  idea  of  a  return  to  protective  measures 
to  extend  itself  beyond  the  very  limited  circle  of  the  so-called  fair 
traders,  where  is  the  promised  relief  to  come  from  ?  Not  certainly  in 
the  inevitable  consequence  of  an  increased  price  of  the  provisions  con- 
sumed by  the  working  classes  of  this  country.  The  iron  trade  of  the 
United  Kingdom  is  greatly  dependent  on  its  exports,  amounting  as  we 
have  seen  to  close  on  60  per  cent,  of  its  entire  production,  and  no 
domestic  legislation  worthy  of  the  name  has,  so  far  as  I  know,  been 
suggested  which  can  improve  our  position  in  the  development  of  its 
foreign  commerce. 

No  one  who,  like  myself,  has  had  nearly  five  and  forty  years  ex- 
perience with  the  workmen  in  the  iron  trade  of  this  country,  can  fail 
to  have  noticed  in  later  years  an  immense  improvement  in  their  capacity 
to  appreciate  the  fundamental  truths  connected  with  political  economy 
which  regulate  the  affairs  of  their  oalling.    The  boards  of  conciliation 
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and  arbitration  have  afforded  an  opportunity  to  both  empIojeiB  and 
men,  of  attaining  a  better  understanding  of  the  difficulties  common  to 
the  situation  of  both;  but  J  cannot  help  feeling,  and  therefore  expressiog 
my  opinion,  that  upon  some  occasions  the  immediate  future  is  too  ex* 
clusively  regarded  in  the  settlement  of  questions  of  difference  which 
arise  between  the  two  parties. 

The  difficulties  in  question  are  of  most  frequent  occurrence  wh^ 
the  state  of  the  iron  trade  compels  the  iron  masters  to  seek  for  assist- 
ance from  their  men,  in  order  to  keep  the  works  employed  at  the  low 
prices  which  prevail  at  the  time.    At  all  events  it  is  upon  such  ooca- 
sions  that  the  future  of  our  iron  industry  is  most  threatened  by  foreign 
competition.     The  question  in  dispute  is  then  usually  referred  to 
arbitration ;  but  upon  these  occasions,  I  have  never  yet  heard  any 
emphasis  laid  upon  the  effect  foreign  labour  has  upon  the  iron  industiy 
of  this  country.    The  loss  and  financial  inconvenience  incurred  by  a 
stoppage  of  work,  render  it  difficult,  often  indeed  impossible,  for  the  em- 
ployer to  risk  having  recourse  to  so  extreme  a  measure,  while  the  men 
are  naturally  auxious  to  secure  the  best  terms  they  can  for  themselve& 
Both  sides,  in  point  of  fact,  behave  in  the  struggle  as  if  its  adjustment 
were  to  be  arrived  at,  not  upon  the  actual  exigencies  of  the  case,  but 
upon  what  may  be  termed  a  question  of  immediate  expediency.     If 
circumstances  are  of  a  character  which  leave  the  foreign  maker  a  profit, 
when  none  falls  to  the  share  of  the  English  makers,  our  trade  must 
shrink  in  its  dimensions,  while  that  of  other  nations  will  expand.    By 
a  successful  resistance  to  the  demands  of  the  employers  the  men  no 
doubt  reap  a  present  gain ;  but  what  follows  on  a  state  of  things,  the 
effect  of  which  must  necessarily  be  a  reduced  demand  for  their  labour? 
The  answer  is  found  in  the  distress  which  to-day  has  overtaken  many 
deserving  men,  who  are  dependent  upon  making  or  working  iron  for 
their  livelihood.    In  this  connection,  the  importance  cannot  be  ex- 
aggerated of  the  workmen  being  disposed  to  lend  loyal  and  ready  help 
in  promoting  the  adoption  of  every  contrivance  having  for  its  object 
the  reduction  of  the  cost  of  production. 

On  the  other  hand  it  is  only  reasonable  and  just  that  in  times  of 
prosperity  the  men  should  participate  in  the  advantages  offered,  as 
they  have  been  called  upon  to  bear  their  share  of  the  privatioofl 
entailed  upon  the  trade  in  periods  of  adversity.    That  the  employers 
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assent  to  this  view  of  their  relations  with  their  workmen  may  he 
assumed  by  their  ready  adoption  of  a  sliding  scale  for  the  regulation  of 
wages.  By  this  system  an  increase  in  the  rates  paid  follows  an  in- 
crease in  the  value  of  the  commodity  they  manufacture  and  vice  versa. 
It  will  be  generally  admitted  that  labour  for  some  time  past  has  been 
more  highly  paid  in  comparison  with  the  value  of  iron  than  it  was  in 
former  years,  and  this  without  the  iron  masters  having,  up  to  a  certain 
point,  greatly  suffered  by  the  change.  This  ability  to  pay,  without 
loss  to  themselves,  higher  rates  is  due  to  the  great  improvements 
which  have  been  introduced  into  the  various  departments  of  the 
process  within  the  last  twenty  years,  by  means  of  which  the  cost  of 
production  has  been  much  reduced  to  the  great  advantage  of  masters 
and  men. 

With  regard  to  the  present  prospects  of  the  iron  trade,  in  a  cosmo- 
politan point  of  view,  it  is  difficult  if  not  impossible  to  speak  with  any 
degree  of  certainty.  The  commerce  of  the  world  is  dependent  on  such 
a  vast  variety  of  circumstances  that  it  is  impossible  to  predict  what 
may  be  its  fate  even  in  the  immediate  future.  A  season  of  general 
prosperity  restores  commercial  confidence;  new  public  works  such  as 
railways  &c.  are  undertaken,  activity  once  more  prevails  in  our  mines 
and  forges  and  prices  rise,  often  more  in  consequence  of  an  anticipated 
scarcity  than  from  an  actual  difficulty  on  the  part  of  the  ironworks  in 
meeting  the  demands  made  on  their  resources. 

This  difficulty  in  most  cases  does  not  arise  from  there  being  any 
want  of  the  appliances  for  the  manufacture  of  iron.  In  illustration  of 
this,  we  may  quote  the  operations  of  1879  as  an  example.  In  that 
year  there  arose*a  sudden  demand  for  iron  in  the  United  States.  On 
81st  December  there  were  888  furnaces  in  blast,  instead  of  265  as  at 
the  close  of  the  previous  year.  The  quantity  of  pig  iron  produced 
rose  from  2,577,361  net  tons  in  1878  to  3,070,875  tons  in  1879.  In 
addition  to  this  the  stocks  of  pig  iron  in  America  fell  from  574,565 
tons  to  141,674  tons  in  the  latter  year.  Such  however  was  the  demand 
for  iron  that  the  imports  of  various  kinds  of  the  metal  increased  from 
236,434  net  tons  in  1878  to  862,382  tons  in  1879.  Notwithstanding 
all  this  activity,  out  of  the  697  furnaces  in  existence  at  the  time  809 
fhrnaces  or  44  per  cent,  were  out  of  blast. 
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At  the  end  of  1882  the  fumaoes  built  in  Great  Britain  were  926  in 
number,  of  which  only  565  were  in  blast.  In  the  United  States,  out  of 
697  furnaces  417  were  blowing.  Thus  taking  the  United  States  and 
Great  Britain  alone,  40  per  cent,  of  the  furnaces  in  existence  were  idle.^ 

With  a  dormant  power  like  this  at  our  backs,  any  great  improve- 
ment in  the  price  of  iron  must  be  the  result  of  an  inability  to  divert  at 
once  the  necessary  amount  of  labour  to  its  production,  and  not  to  the 
want  of  the  necessary  plant  for  its  manufacture. 

The  present  position  of  the  steel  rail  trade  is  one  of  some  difficulty 
and  seems  to  have  been  brought  about  by  a  combination  of  circum- 
stances. When  the  Bessemer  process  was  first  introduced,  and  the 
steel  made  by  its  means  was,  to  a  considerable  extent,  confined  to  par- 
poses  for  which  a  higher  price  could  be  afforded  than  could  be  given 
for  rails,  Sheffield,  the  old  and  chief  seat  of  the  steel  trade,  was  a 
sufficiently  appropriate  locality  for  this  new  industry.  At  first,  owing 
to  their  greater  price,  rails  of  steel  were  sparingly  used,  until  their 
excellence  and  reduced  cost  of  manufacture  extended  their  application. 
The  pig  iron  used  in  the  process  was,  at  that  time,  almost  exclusively 
the  produce  of  the  Cumberland  and  Lancashire  mines,  and  as  re- 
melting  the  pig  iron  for  the  converters  was  deemed  indispensable  for 
success,  Sheffield  was  perhaps  as  convenient  a  centre  for  supplying  the 
United  Kingdom  as  any  other  locality.  When  however  it  was  dis- 
covered that  the  iron  could  be  run  direct  from  the  blast  furnace  there 
was  an  evident  advantage  in  placing  the  steel  works  where  the  pig  iron 
was  made.  This  led  to  the  establishment  of  rail  mills  in  mining  dis- 
tricts near  the  coast,  which  were  thus  also  more  favourably  situated 
than  Sheffield  for  sending  off  the  manufactured  article  by  sea.  In  the 
meantime  Germany  and  France,  favoured  by  cheaper  labour,  and  a 
much  higher  import  duty  levied  on  steel  rails  than  on  pig  iron,  b^an 
to  erect  converters  and  to  roll  steel  rails  in  mills  hitherto  used  for 
rolling  those  of  iron,  although  they  had  to  contend  with  bringing  a 
considerable  quantity  of  oi-e  from  foreign  countries.  Belgium  and 
France  also  devoted  attention  to  this  new  process,  although  in  the 
latter  case  expensive  ore  had  to  be  brought  from  Africa  and  carried 
inland  for  considerable  distances.    The  cheaply  wrought  hematite  of 

'  It  by  no  means  f oUows  that  the  proportion  of  famaces  out  of  blast  implies  a 
corresponding  deficiency  of  make,  arising  from  their  being  idle;  because  it  is  pret^ 
certain  that  those  not  at  work  are  below  the  average  capacity  c^  the  whole. 
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Bilbao  has  in  its  tnm  greatly  assisted  in  the  development  of  the  pro- 
duction of  steel  rails,  which  in  later  years  has  received  a  further 
impetns  by  the  course  of  events  in  South  Wales. 

As  is  well  known,  Glamorganshire  and  Monmouthshire  were  the 
chief  seats  of  the^iron  rail  trade.  Labour,  almost  as  cheap  as  in  any 
place  on  the  Continent,  and  cheap  fuel  had  enabled  the  manu&cturers 
there  to  produce  rails  probably  more  economically  than  was  done  in 
any  other  district  in  the  world,  although  two-thirds  of  the  pig  iron  used 
was  obtained  from  imported  ore ;  for  the  produce  of  the  Welsh  mines 
was  not  only  expensive  to  get  but  was  deficient  in  quantity.  The 
gradual  extinction  of  the  iron  rail  trade  compelled  the  Welsh  iron 
masters  to  seek  for  other  employment  for  their  establishments.  Steel 
rails  o£fered  a  means  of  escape  from  what  would  have  been  all  but  an 
entire  sacrifice  of  the  capital  invested  in  the  works  of  South  Wales, 
and  to  this  escape  the  rapid  development  of  the  Bilbao  mines  has 
afforded  most  valuable  aid.  In  the  meantime  the  Basic  process,  as  we 
have  already  seen,  relieved  the  German  steel  manufacturers  from  the 
disadvantages  of  their  position — not  only  so,  but  two  large  establish- 
ments have  been  erected,  one  at  Hayange  in  Lorraine  and  the  other  on 
French  territory,  the  former  by  Messrs.  De  Wendel  and  the  other  by 
the  combined  efforts  of  Messrs.  De  Wendel  and  M.  Henri  Schneider,  to 
supply  rails  from  the  phosphoric  ore  already  frequently  mentioned  in 
these  pages.  ' 

Thus  in  the  last  few  years  a  great  extension  in  the  steel  rail  making 
powers  has  taken  place  in  Europe,  not  always  with  reference  to  any  ex- 
tended demand  for  their  produce,  but  because  certain  changes,  such  as 
those  just  mentioned,  prompted  the  erection  of  additional  converters 
and  mills.  Besides  these  additions  in  Europe  a  similar  line  of  conduct 
has  been  pursued  in  the  United  States,  which  now  in  the  production  of 
steel  rails  stands  at  the  head  of  the  list. 

According  to  a  statement  prepared  for  me  by  Mr.  Jeans,  the  follow- 
ing quantities  were  made  in  1883 : — 


United  states 

•  •                 •  •  • 

1.243^25 

United  Kingdom    ... 

•  •                 •  •  • 

1,097,174 

Gennanj      

•  •                 •  •  • 

605,188 

France         

•  •• 

381.178 

Bussia 

•  •                 •  «  • 

230,000 

Belgium       

■  •  •                 •  •  • 

173,000 

Austria  and  Hungary 

■  •                 •  •  • 

130,000 
3,760,410 

TT 
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Mention  has  already  been  made  of  the  importation  of  steel  into 
Great  Britain,  chiefly  from  Germany.    Since  writing  what  was  said  m 
the  subjecty  my  attention  has  been  called  by  an  article  in  the  Brifitk 
Trade  Journal  to  the  conimusd  importation  of  steel  tram-iaib  for 
English  use.      In  this  last  case  the  rails — a  heavy  section — ^were 
delivered  at  Birmingham — the  very  centre  of  England — ^at  10a.  per 
ton  cheaper  than  the  lowest  quotation  from  the  British  makers.    The 
Editor  explains  the  transaction  by  the  wages  in  Germany  being  che^Ki 
than  in  England.    There  is  expended  on  the  article  in  question  modi 
more  labour  than  on  an  ordinary  railway  bar,  so  that  I  am  quite  pre- 
pared to  believe  that  the  ability  of  the  German  manu&cturer  to  unda> 
sell  his  English  rival  is  dependent  on  the  cause  assigned  in  the  BrUith 
Trade  Journal.    This  view  of  the  case  indeed  only  confirms  what  ]m 
already  been  advanced  on  the  subject  in  these  pages,  and  must  be  re- 
garded as  an  indication  of  what  must  be  the  conduct  of  all  interested 
in  the  iron  trade  of  this  country,  viz.,  that  we  must  be  prepared  to 
accept  foreign  competition  as  an  important  &ctor  in  the  iron  trade  of 
the  world. 

There  is  one  matter  in  connection  with  the  future  requirements  for 
steel  rails  which  deserves  consideration,  viz.,  the  manner  in  which  their 
substitution  for  iron  rails  for  the  maintenance  of  the  permanent  way 
will  ultimately  affect  the  demand  and  consequently  the  price. 

The  rail  trade,  even  when  iron  was  the  material  employed,  occupied 
a  somewhat  unique  position  when  comparing  the  powers  of  production 
with  the  sources  of  consumption.    Previous  to  the  introduction  of 
railways,  iron  once  applied  to  the  construction  of  gas  and  water  pipes, 
of  steam  engines,  or  to  the  various  minor  offices  to  which  its  properties 
suited  it,  remained,  generally  speaking,  undisturbed  for  many  yean. 
The  excessive  wear  to  which  rails  were  exposed,  in  cases  of  large  traffic, 
speedily  rendered  them  unfit  for  service,  for  in  many  parts  of  the 
North-Eastem  system  the  average  h'fe  of  iron  rails  is  about  seven  yean 
while  those  of  steel  are  expected  to  last  double  the  time.    Let  m 
assume  ten  and  twenty  years  to  represent  the  average  duration  of  all 
the  iron  and  steel  rails  in  the  world.    According  to  the  returns  pub- 
lished by  the  Iron  Trade  Association  at  the  end  of  1882  the  total 
length  of  railways  amounted  to  247,529  miles.    If  to  cover  sidings  and 
double  road  we  assume  825,000  miles  to  represent  the  extent  in  single 
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way,  there  will  be  nearly  thirty-five  million  tons  of  rails  in  use  at  the 
present  time.  If  this  were  all  iron,  with  a  life  of  ten  years,  8,500,000 
tons  of  rails  per  annnm  would  be  needed  for  relaying,  while  in  steel 
only  half  the  quantity  or  1,750,000  tons  would  be  required. 

The  construction  of  railways  at  first  was  so  gradual  and  so  con- 
tinuous that  this  change  in  the  supply  of  old  material,  out  of  which 
new  had  to  be  manufactured,  was  not  seriously  felt.  At  the  present 
day  the  cost  of  steel  rails  has  been  reduced  below  that  at  which  iron 
rails  can  be  made,  so  that  all  the  renewals  now  made  are  of  the  former 
material.  So  long  therefore  as  railway  companies  were  taking  out  iron 
And  replacing  it  with  steel  the  larger  annual  demand  represented  by 
the  life  of  iron  rails  would  be  required.  When  however  all  the  lines 
in  the  world  are  laid  with  steel,  instead  of  8^  million  tons  being 
annually  required  for  repairs  1 J  million  tons  only  will  be  needed. 

If  Mr.  Jeans'  figures  of  the  weight  of  steel  rails  actually  rolled  in 
1888  are  correct  we  are  within  the  mark  in  setting  down  the  present 
producing  powers  at  4  million  tons,  so  that  over  and  above  the  quantity 
required  for  relaying  (1}  million  tons)  we  shall,  when  all  the  iron  rails 
3ie  removed,  have  an  annual  surplus  of  2^  million  tons.  To  find  a 
market  for  this  quantity  it  will  be  necessary  to  lay  21,000  single  miles 
•of  new  railroad,  an  amount  of  work  of  which  there. is  perhaps  not  an 
immediate  prospect. 

The  figures  contained  in  this  estimate  must  only  be  regarded  as 
very  approximate ;  but  they  serve  to  show  my  meaning,  which  is  that 
the  annual  quantity  of  rails  required  for  maintenance  of  the  road  will 
be  very  much  less  when  steel  instead  of  iron  is  the  material  exclusively 
used.  It  is  even  now  open  for  consideration  whether  a  diminishing 
^lemand  for  renewals  is  not  already  being  felt,  and  is  the  cause  which 
has  led  to  a  reduction  of  make  among  British  and  Continental  steel 
manufacturers. 

In  conclusion  it  is  satisfactory  to  remember  that  Nature  has  b^en 
sufficiently  bountiful  to  Oi'eat  Britain,  and  that  its  position  as  an  iron- 
making  community  is,  all  things  considered,  not  inferior  to  that  of 
any  other  nation.  The  mineral  wealth  underlying  its  soil,  taken  as  a 
whole,  is  so  accessible  in  a  commercial  point  of  view,  that  our  miners, 
per  man,  can  deliver  a  larger  quantity  at  the  surface  than  is  the 
general  practice  elsewhere.     If  their  exertions,  and  those  of  our 
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workmen  at  the  furnaces,  forges  and  mills,  are  paid  for  at  a  higher 
rate  than  is  found  to  prevail  in  some  other  countries,  it  is  only  fair  to 
say,  that  some  part  at  least  of  this  difference  is,  as  I  have  previously 
shown,  honestly  earned  by  greater  efficiency. 

With  such  natural  resources  as  we  possess,  directed  by  skill- not 
inferior  to  that  found  among  our  competitors,  I  cannot  doubt,  when 
the  necessity  arises,  that  a  community  of  interests  will  suggest  a  course 
of  action  on  the  part  of  all  concerned,  which  will  still  secure  for  the 
iron-masters  and  iron-workers  of  Great  Britain  a  foremost  place  in  the 
development  and  pursuit  of  an  industry  to  which  they  have  rendered 
such  signal  service. 
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Page  6* — 9th  line  from  foot.     The  position  of  Great  Britain  and  the 

Continent  in  reference  to  imports  and  exports  is  some- 
what modified  since  the  short  expression  of  opinion 
given  here  was  written.  The  subject  is  referred  to  at 
page  44d>  as  well  as  elsewhere,  and  again  under  the 
present  heading. 

Page  10. — 4th  line  from  foot,  and  page  31,  7th  line  from  top,  for 

"  trombe  "  read  "  trompe** 

Page  12. — 12th  line.     In  the  profusely  illustrated  work  by  Agricola 

referred  to  there  is  no  figure  of  a  blast  ftimace.  Dr. 
Percy,  however,  in  his  treatise  on  Iron  and  Steel,  quotes 
another  writing  by  Agricola — Meiallurgische  Schriflen — 
in  which  it  is  stated  that  "iron  smelted  from  ironstone 
is  easily  fusible,  and  can  be  tapped  o£r." 

Page  57.— 8th  line,  for  "  15  "  read  "  25." 

Page  62.— Last  line, for  "CO,  x  C  =  200 "read  "00^  +  C  =  2C0." 

Page  80. — 6th  line  from  foot,  omit  words  "burnt  to  carbonic  oxide." 

Page  85. — Last  paragraph.    Mr.  Horton  recently  informs  me  that  I 

have  somewhat  overstated  the  economy  of  fuel  effected 
by  enlarging  the  cold  blast  furnace,  but  the  error  does 
not  effect  the  nature  of  the  argument  made  use  of. 

Pages  92  and  146. — It  may  be  well  to  observe  that  the  20^  cwts.  of 

coke  mentioned  as  sufficing  to  produce  one  ton  of  pig 
iron  must  be  considered  as  an  exceptionally  low  rate. 
The  subject  is  further  referred  to  at  page  106. 

Page  108. — 2nd  line,  for  "  two  hours  "  read  "  seven  hours.** 
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Page  105. — 18th  line.      Mr.  Parry's  analysis  is  given  by  ydmne, 

which  reduces  the  carbon  fdlly  oxidised  to  about  two- 
thirds,  instead  of  three-fonrths,  as  stated.  This  win 
slightly  alter  the  figures  in  the  subsequent  paragraph. 

Page  117.— 2nd  hue,  for  "  3,187  "  read  '*  8,107." 

Page  188. — 2nd  line  from  foot,  and  page  144,  5th  line.    In  page  138 

the  excess  of  air  in  the  steam  boiler  fireplace  is  given 
at  100  per  cent,  the  authority  being  Rankme  on  (he 
Steam  Engine,  Fourth  Edition,  page  281.  At  page  144, 
5th  line,  the  excess  of  air  (20  per  cent.)  was  the  result 
of  several  analyses  at  the  Clarence  boilers,  blast  furnace 
gas  being  the  fuel  used,  instead  of  coal,  as  in  Bankine's 
computation. 

Page  191.— Table  at  top  of  page,  first  column,  for  "-018**  read 

"•108";  second  column,  for  "  1-118  *•  read  "  1-188." 

Page  218.— Table  of  Cyanides.— Ist  line,  for  "16-06"  and  "8-77" 

read  "  49-06  "  and  "  4-78 ;"  2nd  line,  for  "29-11"  and 
"  9-07"  read  "  112-70"  and  "  5'19." 

Page  280. — ^Table  of  earths  in  furnace  fume.    In  the  escaping  gases 

the  composition,  instead  of  the  figures  given,  should  be 

Silica  70  ...  Lime  4  ...  Alunina  26  ...  Magiuna  0  ««  lOa 

Page  241.— 4th  line  from  foot,  afl«r  words  "requiring  heat  whidi," 

add  words  "latter  will." 

Page  260. — 7th  line,  for  the  words  "  can  exceed  "  read  "  can,  unit  for 

unit,  exceed." 

Page  261. — In  table  at  foot  of  page,  where  word  "  cwt."  occurs,  read 

"  unit." 

Page  266.— 20th  line,  for  "  981 "  read  "  925." 

Page  288. — 5th  line,  for  "fully  9  per  cent,  more  than  coke,  viz.,  4,876 

calories,"  read  "  fblly  17  per  cent,  more  than  coke,  vis., 
4,084  calories."  On  referring  (page  282)  to  the  heat 
generated  by  dry  coke  and  dry  charcoal,  each  burnt 
with  hot  air,  the  difference  between  the  two  kinds  of 
fuel  is  under  5  per  cent.,  viz.,  4,168  calories  for  coke, 
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and  4,876  calories  for  charcoal.  This  arises  from 
the  quantity  of  heat  in  the  blast  being  much  larger  in 
the  case  of  the  former  than  in  the  latter.  The  per- 
centage of  carbonic  acid  in  the  charcoal  fhmace  gases 
being  as  great  as  it  can  be  maintained,  it  is  possible  that 
a  higher  temperature  in  the  blast  has  been  found  useless. 

Page  289.— 16th  line,  omit  word  *'not." 

Page  314. — 5th  line  from  foot.      The  oxygen  in  Durham  coal  is 

overstated ;  the  content  given  being  that  of  Scotch  coal. 
Vide  page  815.  The  following  is  the  correct  analysis  of 
the  coal  Irom  a  South  Durham  colliery : — 

Carbon 

Hydrogen 

Oxygen 

Nitrogen 

Water... 

Snlphnr 

Ash 


82-27  pel 

cent. 

4-68 

91 

6-66 

ff 

•91 

n 

1-00 

If 

1-22 

M 

4-26 

ft 

lOOOO 

ft 

Page  828. — 4th  line  from  foot,  omit  words  "at  8d." 

Page  887. — 1st  line,  omit  word  "blast." 

Page  839.— 11th  line,  for  «15'8"  read  "15-87";  10th  line  from  foot, 

for  "35-0'' read  "85-2." 

Page  468. — 2nd  line.    For  the  wo'rds  "nearly  the  whole"  read  "the 

greater  part."  In  later  years  the  exports,  as  will  be 
observed  in  XY.  and  in  future  sections,  have  largely 
increased  from  other  countries  as  well  as  from  Great 
Britain. 

Pages  469  and  470. — ^The  weight  of  iron  consumed  in  the  United 

Kingdom  as  computed  by  Mr.  Jeans  is  4,618,982  tons, 
whereas  I  make  it  only  8,495,000  tons.  I  am  ignorant 
of  the  basis  upon  which  Mr.  Jeans'  estimate  is  framed. 
The  figures  made  use  of  by  myself  were  obtained  by 
deducting  the  exports  from  the  total  make  of  pig  iron. 
Vide  page  444. 
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Page  576. — 15th  line  from  foot,  for  "produced"  read  "procored." 

Page  588.— 13th  line,  for  **308.'*read  "208." 

The  20s.  here  refeiTed  to  represents  the  difference  of 
cost  between  pig  iron  for  the  acid  and  for  the  basic 
processes.  It  is  qaoted  on  the  authority  of  Bitter  van 
Tunner,  who  reported  on  the  relative  merits  of  the  two 
methods  to  the  Iron  Masters  Union,  of  Stjria  and 
Carinthia.^  The  cost  of  hematite  metal  suitable  for  the 
acid  process  is  given  at  64s.  8d.,  while  that  employed 
for  the  basic  mode  of  treatment  is  only  45s. 

I  may  add  that  both  these  quotations,  particularly 
the  first,  are  considerably  higher  than  those  adopted  by 
myself.  This  want  of  agreement  is  probably  due  to  the 
fact  that  I  have  been  guided,  not  by  the  actual  cost  at 
any  particular  work,  but  by  what  I  conceived  to  be  the 
capabilities  of  the  country  generally.  Thus,  in  furnaces 
of  antiquated  description,  as  much  as  10  cwts.  more 
coke  were  being  consumed  to  make  a  ton  of  Bessemer 
pig  iron  than  was  employed  in  establishments  of  a  more 
modem  type. 

Under  any  circumstances  the  comparison  of  the 
position  of  different  countries,  in  an  iron-making  point 
of  view,  is  a  very  difficult  problem.  This  arises  from 
the  varying  values  of  the  raw  materials  and  from  the 
improvements  which  have  been  made  in  the  smelting  of 
the  ore  and  in  the  conversion  of  the  metal  into  the 
finished  article. 

As  far  as  steel  rails  are  concerned,  the  result  of  the 
consideration  I  have  given  to  the  subject  is,  that  as 
between  the  best  situated  works  here  and  similar  works 
on  the  continent  of  Europe  there  is  an  advantage  of  at 
least  10s.  per  ton  in  favour  of  the  British  maker  in  the 
cost  of  the  article  put  on  board  a  vessel  at  a  sea  port. 

■  Vide  TranBactiong  of  Iron  and  Steel  Institate,  1880,  pp.  296  aiid  297. 
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Important  as  a  Bnm  of  lOs.  is  in  an  article  not  worth 
more  than  about  90s.  per  ton,  it  is  obvionsly  not  suffi- 
cient to  enable  the  manujbcturers  of  Great  Britain, 
except  under  very  exceptional  circumstances,  to  export 
rails  for  consumption  in  countries  where  the  difference 
in  cost  does  not  exceed  the  10s. 

In  an  article  like  an  ordinary  steel  rail  the  amount 
paid  in  wages  is  too  small  to  permit  the  foreign  maker, 
by  the  cheaper  labour  at  his  conmiand,  to  overcome  the 
other  disadvantages  of  his  position.  When  however  40s. 
or  50s.  is  added  to  the  cost  price  of  an  object  it  seems 
very  probable  that  we  must  prepare  ourselves  to  have  to 
meet  the  competition  of  German  and  Belgian  manu- 
facturers even  in  our  home  markets. 

Page  606. — 7th  line  from  foot,  for  *' natural  and  ai-tificial  foreign" 

read  "native  and  foreign." 

Page  668.— 18th  line  from  foot,  for  words  "vide  page  622  "  read  "  vide 

page  661." 

Page  704.— Foot  of  page,  for  "Tees  100"  read  "Tees  98";  and  for 

"Western  Germany  75"  read  "Western  Germany  85." 

Pi^e  706. — Since  the  reference  made  to  iron  shipbuilding  in  Norway 

Mr.  Baylton  Dixon  has  kindly  furnished  me  with  some 
further  particulars.  The  saving  of  £525  in  the  cost  of 
a  ship  built  in  Norway  for  labour  was  effected  in  the 
wages  paid  to  the  iron  workers  alone.  To  these  my 
informant  includes  that  connected  with  the  carpenters, 
joiners,  painters,  &c.,  in  the  following  terms: — 

"The  net  result  of  the  two  factors  on  the  cost  is  such 
that  on  a  vessel  of  say  1,250  tons  gross  register  and 
1,500  tons  dead  weight  capacity,  the  Norw^ian  builder 
can  turn  out  his  work  for  at  least  £850  less  than  his 
English  competitor." 
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Beference  has  been  made  in  these  pages  to  the  occasional 
want  of  readiness  on  the  part^  of  English  workmen  to 
co-operate  with  their  employers  in  the  adoption  of  im- 
provements for  the  saving  of  labonr.  The  mechanical 
drill  for  mining  ironstone  was  instanced  as  a  case  in 
point.  It  is  only  right  now  to  mention  that  a  great 
advance  has  since  been  made  in  the  manipnlation^  at 
the  Cleveland  mines,  of  the  machine  in  question. 
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Acid  and  hasic  process^  cost  of,  compared, 
424;  heat  required  in,  compared,  421. 
(See  also  btuic  process  and  Bessemer, 
various  heads  of.) 
Acid,  carbonic  (see  carbonic  add). 
Acid  process,  sources  of  beat  in.  422. 
Advantages,  comparative,  of  different  iron- 
making  countries,  453.    • 
Ag^coU  and  Dud  Dudley,  writings  of,  12. 
Agricultural  and  ironworks  labour  in  Great 

^ritun  and  America  compared,  554. 
Agricultural  labour,  cost  of,  in  England 
and  other  countries  compared,  496 ;  cost 
of,  in  France,  496 ;  introduction  of  new 
industry,  effect  on.    476;   price  of  in 
America  and  North  of  England,  553; 
price  of,  on  Continent  of  Europe  and 
in  Great  Britain,  496. 
Airdrie  splint  coal,  analysis  of,  120. 
Air,  atmospheric  effect  of  temperature  and 
conditions  of,  on  combustion  of  coke, 
238 ;  atmospheric,  means  of  heating,  by 
escaping  gases,  251 ;  atmospheric,  quan- 
tity of  required  for  combustion  of  coke, 
264    atmospheric,  superheated,  effect  of 
application  of,  to  worn-out  furnaces,  259. 
Q  (See  also  blast,) 

Akerman,  comparison  of  coke  and  charcoal 
with  anthracite  bv,  290 ;  on  working  of 
charcoal  furnaces  m  Sweden  by,  276. 
Alabama,  convict  and  slave  labour  in,  557 ; 

iron  manufacture  of,  700. 
Alkalies,  supposed  deoxidation  of,  in  blast 

furnaces,  214. 
Alkaline  matter,  conditions  of  increase  of, 

in  blast  furnace,  224. 
Alkaline  compounds,  possible  cause  of  dif- 
ferences  in   quantities   of   oxygen  and 
carbon  in  blast  furnace  gases,  218. 
Alumina  and  lime  least  affected  by  sub- 
limating influences  in  blast  furnaces,  232. 
Alumina,  effect  of  presence  of,  in  limestone, 

57. 
Aluminium,  experiments  to  obtain,  by  means 
of  cyanide  of  potassium,  280 ;  occasional 
presence  of,  in  pig  iron,  167. 
America,  cost  of  a  ton  of  charcoal  in,  54 ; 
freight  on  pig  iron  to,  604;  hip^h 
transport  chai^ges  on  ore  and  coal  m, 
606 ;  import  duty  and  transport  charges 
on  pig  iron  in,  606 ;  imports  and  exports 
into  values  of  1870  to  1881, 604 ;  increase 
of  cost  of  pig  iron  in,  606;  increased  cost 


of  ore  and  coal  in,  606;  iron  and  steel 
imports  into,  604;  iron  trade  of,  604; 
ocean  freights  to  and  from,  607 ;  sudden 
demand  Vipon  iron  resources  of,  in  1872 
and  1873, 605.    (See  also  United  States,) 

American  charcoal  furnaces  compared  with 
Styrian  and  Swedish.  300. 

American  experience  of  relative  qualities  of 
hot  and  cold  blast  iron,  152. 

Ammonia  and  tar,  collection  of,  from  blast 
furnace,  814,  326;  condensation  of,  at 
coke  ovens,  by  Jameson,  591 ;  condensa- 
tion of,  at  Gartsherrie  furnaces,  591. 
(See  also  coke  and  coking  process.) 

Ammonia,  presence  of,  in  blast  furnace, 
228;  sulphate  of,  produced  in  Scotch 
furnaces,  327. 

Ammoniacal  compounds,  recovery  of,  in 
coking  process,  52. 

Ammoniacal  salts,  collection  of,  from 
Clarence  furnace,  326. 

Analyses,  ammonia  salts  in  blast  furnace 
gases,  228 ;  Bessemer  and  blast  furnace 
slags,  392 ;  Bessemer  and  Cleveland  pig 
iron,  388;  Bessemer  gases  in  blowing, 
890,  392,  418,  419;  Bessemer  slag,  418, 
420;  Bessemer  steel,  408,  414  417,  421 ; 
Bessemer  steel,  basic,  408 ;  Black  Band, 
Tuscarawas,  674;  boiler-plate  made  in 
different  kinds  of  puddling  furnaces,  378; 
Bowling  iron  before  and  after  refining, 
359;  Cast  iron,  147, 148,150,153, 155, 157, 
158,  168, 172,  316,  345,  346,  354,  355, 

360,  367,  888,  398,  404,  416,  417,  4U9, 
421,  438,  656;  after  exposure  to  heat, 
159 ;  cast  iron,  Cleveland,  and  products 
thex^from,  398;  cast  iron  during  con- 
version in  Bessemer  process,  391;  cast 
iron,  glazed,  162;  cast  iron,  hematite 
and  rails  therefrom,  430;  cast  iron 
heated  in  contact  with  wrought  iron,  160; 
Cinder  in  Bessemer  converter,  392,  894, 
418,  420;  cinder  in  boiler-plates,  369; 
cinder,  blast  furnace,  168, 170,  392,394; 
cinder,  blast  furnace  gases  from,  173; 
cinder,  Lancashire  hearth,  346;  cinder, 
blast  furnace,  making  ferro-manganese, 
166 ;  cinder,  blast  furnace  without  lime, 
169;  cinder,  mill,  369;  cinder,  puddling, 

361,  395;  cinder,  puddled  steel,   438; 
'cinders  -  produced    at    r^neries,    359; 

cinder,  purified  iron,  404;  cinder,  refinery, 
854, 355, 358, 359, 361, 894, 396 ;  aeveUnd 
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Analyses-  Continued. 
iron  blown  at  Eston,  409;    Cleveland 
pig  and  refined  iron  from,  354;    coal, 
120,  127,  511,  612,  616.  620,  641,  643, 
644;   of  coal,  120,  644,  645;   anthracite 
and  bituminous,  127;  Lanarkshire,  315; 
splint  and  bituminous,  120;  coke,  104, 
657;    coke,  by  Muck,  105;    coke,  by 
Parry,  105;    fume,  blast  furnace,  225, 
231,    232;    fume,    from    cinder,    174; 
gases,  Bessemer  converter,  390,  392, 418, 
419;   gteses,  blast  furnace,  68,  73,  102, 
107,  108.  110,  114,  142,  196,  200,  204, 
208,  210,  214,  227,  292,  293,  308,  309, 
317,  318;  iron  ore,  648,  652,  654,  655, 
670,    672,    674,    675,    678,    679,  680; 
iron  rails,  365,  428 ;  malleable  iron,  345, 
373 ;  materials  used  in  basic  process,  419; 
metal  at  different  stages  in  acid  process, 
391 ;  metal  at  different  stages  of  basic 
process,  408;  metal  before  and  after  pu- 
rification, by   Bell,  398;  metal  before 
and  after  purification,  by  Krupp,  404; 
open  hearth  steel,  434,  435 ;  open  hearth 
steel  with  injected  steam,   433;  phos- 
phorus and  sulphur  in  flux,  fuel,  and 
ore,  357 ;  phosphorus  and  sulphur  in  pig 
iron  and  in  sk^,  165,  357 ;  phosphorus, 
excessive  quantity  in  steel  rails,  428; 
pig   iron,   Swedish   and    English,   346; 
puddled  steel,  438;  puddling  slags,  395; 
purified  iron,  398,  40i;  rail  steel  from 
Cleveland  pig,  427;   refined  metal,  354, 
358,  359,  360;  rivet  iron,  367;  slag  from 
basic  blow,  409, 420;  slag  from  Siemen's 
steel   furnaces,  431;    slags  from  basic 
Bessemer  converter,  409,  420;  Spiegel 
iron,  419,  421;   steel  basic  blow,  40^; 
steel  rails,  acid,  414;  steel  rails,  basic,  414; 
steel  rails  with  excess  of  phosphorus, 
428;    sulphur  and  phosphorus  in  flux, 
fuel,  and  ore,  165,  357;    sulphur  and 
phosphorus  in  pig  and  slag,  357;  West 
Yorkshire    malleable  iron,  434;    white 
iron  before  and  after  blowing  in  basic 
converter  417  (see  pi^  iron,  ^e.) 
Angles  of  boshes,  effect  of,  268. 
Anthracite  coal,  combinations  to  keep  up 
prices  of,  555 ;   comparison  of,  i^inth  coke 
and  charcoal,  290 ;   composition  of,  127 ; 
consumption  of,  compared  Mdth  charcoal 
and  coke,  130;  consumption  of,  in  Ameri- 
can blast  furnaces,  127;  cost  of,  557; 
price  of,  693 ;    earnings  of  men  at  mines 
of,  557;  profit  on,  693;  sliding  scale  of 
wages  at  mines  of,  556 ;  strikes  in  mines 
of,  555 ;  suitability  of,  for  iron  smelting, 
46,  126;  tendency  to  splinter  requires 
correction  by  strong  blast,  127;  wages 
in  mines  of,  657. 


Armstrong,  Sir  W.  G.,  application  of  malle- 
able iron  for  ordnance,  27. 

Ash,  effect  of,  in  blast  famace,  237.  (See 
also  under  beads  of  amalff^eg,  eo<U  ami 
coke.) 

Atmosphere  in  Bessemer  converter,  392. 

Austria,  cost  of  a  ton  of  cluucoal  in,  54; 
wages  paid  at  ironworks  ci,  477. 

Austrian  furnaces,  low  consmnptaon  of 
charcoal  in,  274. 

Azote  in  coke,  105.  (See  also  analyses; 
coal}  coke.) 

Baker,  W.  E.  S.,  on  costs  of  iron  in  East- 
em  States,  695 ;  tables  of  costs  of  iron, 
696 ;  remarks  fliereon,  698. 

Bar  iron,  cost  of  producing,  in  1727,  350; 
low  hearths  first  used  for  mamifiactnre  of, 
344;  waste  of  pig  in  maniifiu*tnre  of, 
350.  (See  also  heads  maUeahle  iron, 
boiler  plates,  j^uddled  bar,  puddling  €t»d 
puddled  troa.) 

Basic  and  acid  Bessemer  processes,  com- 
parison of,  407. 

Basic  blow,  heat  carried  off  in  gases  o^ 
424 ;  heat  evolved  by  different  bodies  in, 
423 ;  loss  of  iron  in,  421 ;  quantity  of 
heat  evolved  in,  421 ;  temperature'  of, 
424 ;  weight  of  substances  expelled  dor^ 
ing,420. 

Basic  process,  analysis  of  pig  iron  and  steel 
of,  417«;  consumption  of  materials  in,  421 ; 
cost  of,  compared  with  acid  process,  425 ; 
effect  of  silicon  in,  416 ;  effect  on  relatiTe 
position  of  certain  European  countries  as 
steel  makers,  705 ;  expulsion  of  metal- 
loids in,  420 ;  heat  required  in,  412 ;  in- 
convenience of,  411 ;  inexhaustible  sup- 
ply of  ores  for,  451 ;  in  Western  Ger- 
many and  Eastern  France,  705 ;  order  of 
removal  of  metalloids  in,  406;  orer- 
blowing  in  the,  413;  oxidation  of  iron 
in,  423;  quantity  of  iron  lost  in,  411; 
refractory  cinder  in,  411 ;  separation  of 
phosphorus  by,  4,  413;  time  required 
for  blowing  in,  418;  use  of  white  or 
hard  grey  iron  in,  416.  (See  also 
acid  procesSf  Bessemer,  various  heads 
of  steeL 

Basic  slag,  analysis  of,  409,  420 ;  oxides  of 
iron  in,  418. 

Basic  steel  rails,  analyses  of,  415. 

Beer  and  butcher  meat,  cost  of,  in  1685, 
478. 

Beer,  consumption  of,  in  different  coun- 
tries, 493. 

Belgium,  coal  of,  629;  coal  worldng  in, 
509;  competition  of,  with  Eneland,  443; 
cost  of  iron  in.  688;  exports  of  iron  from, 
466;  import  duties  of,  465;  iron  ore  of, 
659 ;  position  of,  in  reference  to  iron  ore 
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Belgium — Continued, 

supplies,  452;  progress  of  iron  trade  in, 
464;  transition  in  iron  trade  of,  464; 
weekly  expenditure  of  a  family  in,  486. 

Bessemer  acid  process,  weight  of  sub- 
stances expelled  during,  421. 

Bessemer  and  blast  furnace  slags,  analyses 
of,  394. 

Bessemer  and  open  hearth  steel  compared, 
435. 

Bessemer  blow,  carbonic  oxide,  &c.,  in,  390 ; 
gases  in  (see  gases);  gases  taken  at 
various  periods  of,  390;  oxidising  and 
reducing  gases  in,  390. 

Bessemer  Cleveland  iron,  margin  of  economy 
in  use  of,  compared  with  Hematite,  406. 

Bessemer  converter,  and  the  puddling  fur- 
nace compared,  382 ;  atmosphere  in,  392. 

Bessemer,  iron,  fuel  consumed  in  manufac- 
ture of,  259. 

Bessemer  pig,  impurities  contained  in,  388. 

Bessemer  process,  acid  and  basic  compared, 
407;  advantages  of,  over  puddling,  384; 
difficulty  of  expelling  phosphorus  by, 
383;  intense  temperature  of,  383;  use 
of  Spiegel  and  f erro-manganese  in,  383 ; 
use  of  Swedish  iron  for,  383. 

Bessemer,  Sir  Henry,  invention  of  pneu- 
matic process  for  making  steel,  by,  19. 

Bessemer  steel,  acid  process,  relative  costs 
of  pig  iron  in  Europe  for,  704;  basic 
process,  relative  costs  of  pig  iron  in 
Europe  for,  704;  cost  of  production 
of,  compared  with  open  hearth,  432; 
development  of  manufacture  of,  384; 
earnings  of  men  at,  573;  earnings  of 
workmen  at,  in  Great  Britain  and  (Ger- 
many compared,  535;  economic  condi- 
tions of  manufacture  of,  384;  number 
of  men  required  for  manufacture  of,  in 
different  countries.  573 ;  ores  used  for 
manufacture  of,  386 ;  production  of,  in 
different  countries,  453;  quality  of 
Bessemer  steel,  compared  with  open 
hearth,  434;  statistics  of  manufacture 
of,  432;  superiority  in  strength  over 
wrought  iron,  385;  works  in  United 
States,  excellent  character  of,  571.  (See 
also  acid  process  and  basic  process.) 

Birkinbine's  comparison  of  charcoal,  coke, 
and  anthracite,  290. 

Black  Band,  Tuscarawas  Valley,  673. 

Blair,  T.  S.,  direct  process  of,  34. 

Blauofen,  11. 

Blast,  greater  weight  of,  consumed  in 
smaller  furnace.  204*;  heating  of,  by 
escaping  gases,  251;  heating  of,  by  fire- 
brick stoves,  234;  heat  of,  as  commonly 
used,  88;  heat  unit  of,  may  be  equiva- 
lent to  heat  unit  from  fuel,  255;  hot 


and  cold  compared,  86 ;  increased  pres- 
sure of,  in  furnaces  using  anthracite,  92; 
low  temperature  of,  in  Swedish  furnaces, 
132,  283;  number  of  calories  required 
in,  as  supplementary  to  those  afforded 
by  coke,  252 ;  saving  of  fuel  by  succes- 
sive additions  of  heat  to,  265  ;  super- 
heated, value  of,  in  worn-out  furnaces, 
259 ;  temperature  of,  according  to  units 
of  coke  employed,  252 ;  temperature  of, 
in  Vordernberg  furnace,  283;  tempera- 
ture of,  limit  to  which  it  can  be  raised, 
266 ;  units  of  coke  burnt  by,  and  by  car- 
bonic acid  in  limestone,  107.  (See  also 
air,  atmospheric.) 
Blast  furnace,  action  of,  as  affected  by  size, 
72 ;  advantages  possessed  by  large,  203 ; 
chemical  action  of,  65 ;  Cleveland  and 
Continent  of  Europe,  wages,  &c.,  at,  com- 
pared, 521;  completeness  of  duly  per- 
formed by,  138;  condition  of  working 
of,  indicated  by  colour  of  cinder,  171 ; 
conditions  under  which  fuel  are  burnt  in, 
140;  date  of  invention  of,  12 ;  defective 
examples  of,  263 ;  derangements  in,  100 ; 
difficulty  of  proving  hydrogen  in  gases 
of,  306;  dimensions  ofj  in  Cleveland, 
22 ;  disturbance  in  composition  of  gases 
of,  caused  by  cyanides,  216;  driving, 
effect  of  varying  rates  of,  203 ;  earnings 
in  1870  to  1880,  565 ;  effect  of  derange- 
ment of,  on  cinder,  172 ;  effect  of  over- 
burdening of,  172 ;  effect  of  structural 
errors  in,  202 ;  experiments  on,  by  Ebel- 
men,  Bunsen,  and  Playfair,  308 ;  extent 
of  reduction  performed  by  H  in,  315 
fume,  description  and  occurrence  of,  174 
gases,  analysis  of,  68 ;  gases  in,  above  the 
tuyeres,  177 ;  gases,  quantities  of  hydro- 
gen in,  306  ;  gases,  waste  of  heat  by 
escape  of.  from  throat  of  furnace,  73 ; 
height  of,  no  uniform  law  for,  when 
smelting  ore,  145 ;  hematite,  use  of  raw 
coal  in,  323;  imperfect  combustion  of 
carbon  in,  67 ;  improvements  for  saving 
labour  at,  525 ;  increased  production  and 
its  influence  on  wages  at,  521 ;  in- 
crease of  dimensions  of,  23;  instant 
decomposition  of  water  in,  at  hearth, 
322;  limit  of  useful  extension  of  size 
in,  74;  men  at,  cost  of  living  in  North 
of  England,  487;  mode  of  action  in, 
67 ;  nature  of  process  of  combustion  in, 
63 ;  no  uniform  law  for  height  of,  145 ; 
number  of  men  at,  different  countries 
compared,  524;  reactions  in,  186;  results 
obtained  by  use  of  raw  coal  in,  315; 
Scotch,  particulars  of  working  of,  316 ; 
sequence  of  chemical  action  in,  176; 
sizes  of,  required  for  best  results,  202 ; 
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Blast  furnace — Continued, 

gmall  and  large  compared,  203 ;  slag,  ab- 
sence of  lime  in,  1^;  slags,  description 
of,  169;  starting-point  of  iron -making 
operations,  46;  summary  of  improve- 
ments in,  24 ;  superioritj  of  over  cUrect 
process,  61 ;  three  functions  of,  241 ; 
twofold  duty  of,  65  ;  use  of  water-gas 
in  the,  S37;  utilisation  of  waste  gases 
from,  23 ;  wages  at,  620 ;  work,  dis- 
turbing influences  of,  259;  working 
average  of,  268 ;  work  of,  61.  (See  also 
atmospheric  airy  ammonia^  carbonic  acid, 
carbonic  oxide^  charcoal^  coal^  coke^  cy- 
anidee^  ct/anoffen,  Jkel,  furnace  blait, 
heat,  hot  blcuty  hydrogen  compounder 
iron  atone  and  iron  ores,  labour,  lime  and 
limestone,  metalloids^  ore,  oxygen,  phos- 
phorus, pig  iron,  silicon,  slag  and  slags, 
sulphur,  reducing  zone,  temperature, 
tuyeres,  water  gas,  white  iron,  zinc.) 

Blow,  basic  process  (see  basic). 

Board  and  lodging,  cost  of,  on  Continent 
and  in  Great  Britain,  489.     (See  also 
food,  provisions.) 

Board  in  Southern  States,  cost  of,  550. 
(See  also  food  ;  provisions.) 

Boiler-plat^,  analyses  of  different  varieties 
of  iron  for,  373;  cinder  in,  369;  un- 
sound welding  of,  369. 

Boshes,  angle  of,  in  blast  furnace,  268. 

Bowling  cinders  from  refineiy,  analyses  of, 
359.  (See  also  refinery:  refined  iron, 
analyses.) 

Briti.sh  Iron  Trade  Association,  publications 
of,  474. 

British  made  iron,  exports  to  iron-making 
countries,  469;  protective  duties  levied 
on,  467. 

Bunsen,  Ebelmcn,  and  Playfair,  experi- 
ments on  blast  furnaces  by,  308. 

Butcher  meat,  cost  of,  in  1685,  478 ;  cost 
of,  in  1866,  480;  in  France  and  Ger- 
many in  1847, 480.  (See  9Xwi  provisions.) 

Bnnsenand  Playf air's  experiments  on  blast 
furnace  gases,  308. 

Calcination,  imperfect,  of  ironstone,  240; 
iron  ores,  change  effected  by,  56 ;  lime- 
stone effect  of,  58;  limestone,  want  of 
economy  in  large  furnaces.  60;  ores 
containing  carbonic  acid,  before  being 
u!«ed  in  blast  furnace,  56. 

Calcining  kilns  used  in  Cleveland,  56. 

Calcium  found  in  pig  iron,  167- 

Capacity  of  furnace,  advantage  derived 
from  ijicrease  in,  247. 

Capital  attracted  to  most  remunerative 
trades,  463. 

Carbon,  action  of,  on  oxide  of  iron,  197. 

Carbon  and  carbonic  oxide,  temperatures 


at  which  they  b^n  to  act  on  peroxide 
of  iron,  70. 

Carbon  and  oxygen,  alteration  in  qnantitiei 
of,  in  furnace  gases,  214;  at  difkrent 
levels  of  furnace,  212;  in  fuxnace, 
irregularities  in  quantities  of.  206;  in 
gases,  alteration  of,  215 ;  possible  canse 
of  irregularity  in  qaantities  of,  cauicd 
by  alkaline  compounds,  etc.,  218.  (See 
also  oxygen^ 

Carbon  and  silicon,  oxidation  of,  in  Bessenter 
"blow,"  391. 

Carbon  as  an  agent  for  work  performed  m 
the  blast  furnace,  62 ;  as  carbonic  acid, 
diminution  of,   in   blast   fornaoe,  2U; 
as  carbonic  acid,  extent  of  existence  of,  in 
furnace  gases,  107 ;  ascertainment  of,  in 
gases  at  different  levels  of  the  furnace, 
208;  calories  provided  in  bbist  furnace 
by  oxidation  of,  88 ;  changes  caused  io 
Condition  of,  by  refinery,  355 ;  character 
of  change  in,  by  long  exposure  to  high 
temperature,  158 ;  combination  of,  in  inn 
in  cementation  process,  160;   comlnna- 
tion  of,  in  pig  iron,   155;    combinaticra 
of  iron  with,  in  atmosphere  of  carbonic 
oxide,    160;     combined,     found    molt 
largely  in  white  iron,  158 ;    combustion 
of,  62;  combustion  of  in  low  fires,  63; 
condition  of,  in  gases,  270 ;  condition  ci, 
in  pig  iron  affected  by  temperature,  158; 
consumption  of,  compared  in  iron  smelting 
with  charcoal  and  coke,  129 ;  deposited, 
use  of,  in  protecting  masonry  cdf  blast 
furnace,    222;     deposition,    conditions 
favourable  for,  189;   deposition  due  to 
action  of  escaping  gases  on  oxide  of  iron, 
202 ;  deposition  of,  without  formation  of 
metallic  iron,  189;  derived  from  coke, 
f ermula  for  estimation  of,  273 ;  derived 
from  fuel,  calculated  from  compodtion 
of  gases,  269 ;  effect  of  lowering  6*58  of 
as  CO.,  89;  escaping  from  blast  furnace 
as  carbonic  acid  and  loss  of  heat  froim 
diminution  in  quantity  of.  83;  excep- 
tionally low  content  of.  in  iron,  157;  fixed 
in  coal,  duty  obtained  from,  in  furnaces 
using  coke  and  raw  coal,  325 ;  fixed  in 
coal,  heating  power  of,   235;    fixed  in 
coal,  heat  obtained  from,  236 ;  fixed  in 
coal,  loss  of  in  coke-making,  extent  of, 
51 ;  fixed  in  coal,  value  of  fuel  dependent 
on,  234 ;  gaseous  conation  not  uecessaiT 
for    combining    with    iron,    160;   heat 
evolved  by,  in  basic  process,  418;  heat 
evolved  by,  limits  of,  69;  heatevol\'ed 
by  one  unit  of,  in  blast  furnace,  96;  beat 
evolved  by  20  units  of,  in  blast  fnniace. 
195 ;  highest  record  of,  in  pig  iron  at 
Clarence  works,  157 ;  in  coke  and  cfatf^ 
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ooal  practicaUT  perf omiB  the  same  duty, 
182;  loss  of  beat  in  reducing  iron  by, 
197;  loss  of  I  in  ordinary  coking  pro- 
cess, 234;  oxidation  of,  causes  which 
affect,  247;  oxidation  of,  in  coke  heated 
t»  vtiouOf  105 ;  oxides  of,  laws  governing 
mixtures  of  in  furnace  gases,  69 ;  oxides 
of,  point  of  equilibrium  in  furnace  gases, 
292 ;  power  of,  to  split  up  carbonic  acid, 
194;  proportion  of,  found  in  gases  as 
carbonic  acid,  252;  quantity  and  con- 
ditions of,  in  gases  escaping  from  blast 
fumace>  68;  quantity  of,  as  carbonic 
acid,  in  gases  from  Cleveland  furnace, 
195 ;  quantity  of,  consumed  in  coke  and 
raw  coal  furnaces  compared,  326 ;  quan- 
tity of  required  in  blast  furnace,  98; 
quantity  or  quality  of,  does  not  neces- 
sarily affect  grade  of  iron,  158;  quick  and 
slow  currents  of  CO  in  reducing  iron  and 
depositing,  190 ;  rationale  of  formula  for 
determining  quantity  used  in  blast  fur- 
nace, 270 ;  reduction  of  oxide  of  iron  by, 
and  deposition  of,  compared,  192;  re- 
duction of  quantity  of,  in  gases,  and  effect 
of  on  CO,  present,  89;  required  to  generate 
water-gas,  831;  separation  of  ,  in  graphitic 
state  interfered  with  by  sulphur,  103; 
solid,  tendency  to  uniformity  of  com- 
position of  it  and  iron,  161;  state  of 
oxidation  in  which  it  leaves  the  furnace, 
238 ;  substitution  of  in  blast  furnace  by 
heat  in  the  blast,  89 ;  used  per  20  units 
of  hot  and  cold  blast  iron,  149 ;  vegetable, 
compared  with  mineral,  304;  waste  of, 
in  coking,  61. 

Carbonic  acid,  action  of  carbon  on,  in  blast 
furnace,  214;  action  on  spongy  iron,  185 ; 
and  carbonic  oxide,  reducing  powers  of 
mixtures  of,  813 ;  antagonistic  influence 
in  preventing  reduction,  184;  at  different 
depths  of  coke  and  charcoal,  furnaces, 
292 ;  carbon  in.  from  furnaces  using  coke 
and  raw  coal,  322 ;  cause  of  disappear- 
ance of,  from  furnace  gases,  112;  com- 
pared with  quantity  of  carbonic  oxide  in 
charcoal  furnaces,  282;  decomposition  of, 
by  hydroccen,  812 ;  disappearance  of,  in 
blast  furnace,  70;  disappearance  of.  in 
^^es  of  furnace  using  raw  coal,  824; 
effect  of,  on  being  liberated  from  flux  in 
blast  furnace,  198 ;  effect  of,  on  charcoal 
and  coke.  287 ;  effect  of,  on  fuel  in  furnace, 
295 ;  effect  df,  on  soft  coke,  290;  extent 
of  removal  of,  by  calcination  of  limestone, 
60;  greater  disappearance  of ,  from  gases, 
the  more  heat  must  be  contuned  in  blast, 
88;  in  products  of  combastion  of  Affer- 
ent fuels,  128;    less  quantity  in  gases, 


furnaces  using  fire-brick  stoves,  267; 
of  limestone  spUt  up  by  coke,  198 ;  loss  of, 
in  being  split  up  by  carbon,  194 ;  presence 
of,  in  Umestone,  and  effect  of  in  blast 
furnace,  59;  ready  dissociation  of,  by 
reduced  iron,  66;  reducing  powers  of 
mixture  with  CO,  intensified  by  hydro- 
gen, 813 ;  small  quantity  of,  at  tuyeres, 
199 ;  spUt  up  by  carbon,  194 ;  tendency 
of,  to  react  on  carbon,  188 ;  unexpelled, 
in  Cleveland  oro,  240.  (See  also  bloit 
fumace,  carbon,  and  eorhonie  oxide,') 

Carbonic  oxide,  abstraction  of,  from  blast 
furnace,  99 ;  acidification  of,  by  oxide  of 
iron,  118 ;  action  of,  on  other  substances 
than  iron,  193;  and  carbonic  acid,  re- 
ducing powers  of  mixtures  of,  affected 
by  hydrogen,  813;  and  unreduced  ore, 
action  between,  in  blast  furnace,  78 ;  as 
a  reducing  agent,  305 ;  decomposition  of, 
by  hydrogen,  312 ;  direct  generation  of, 
by  carbon  with  air,  199;  dissociation  of, 
by  peroxide  of  iron,  188 ;  effect  of  mix- 
tures of,  and  CO,,  on  ores  and  fuel,  287; 
effect  of,  on  Spathose  and  Cleveland 
ores  compared,  285;  effect  of,  on  spongy 
iron,  185 ;  excess  of,  in  escaping  gases, 
106 ;  excess  of,  required  for  reduction  of 
oxides  of  iron,  186 ;  function  of,  in  blast 
furnace,  65;  incapable  of  completely 
reducing  oxide  of  iron,  291;  in  the 
Bessemer  **  blow,"  390 ;  point  of  satura- 
tion by  oxygpen  of,  in  blast  furnace,  98 ; 
power  of  oxide  of  iron  in  different  states 
to  dissociate,  189;  power  of,  to  take  up 
oxygen  from  oro,  78 ;  ratio  which  it  beai-s 
to  CO,  in  blast  furnace,  294;  rooxidation 
of  iron  by,  220;  susceptibility  of  strongly 
roasted  oro  to  impair  action  of,  323. 
(See  also  carbon,  carbonic  acid,  dissoci- 
ation  of  carbonic  oxide,  oxide  carbonic,) 

Caron  on  dissociation  of  carbonic  oxide,  189. 

Carondalet,  iron  works  of.  678. 

Carves,  description  of  a  coke  oven  by,  327. 

Cast  iron,  decomposition  of  phosphate  of 
lime  by,  410;  importance  of,  in  arts, 
843.    (See  also  piff  iron.) 

Catalan,  and  other  low  fires,  10;  furnace, 
waste  of  metal  in,  344 ;  hearth  and  re- 
finery, process  of  combustion  in,  63. 

Cenentation  process,  436 ;  carbon  in  blister 
steel  produced  by,  160. 

Chalk,  dried,  content  of  carbonate  of  lime 
in,  57.  o  (See  also  limestone.) 

Charcoal,  Akerman's  list  of  furnaces  using, 
276 ;  American  furnaces  compared  with 
coke  and  coal.  129;  and  Cleveland  fur- 
naces, heat  equivalents  of,  compared, 
276 ;  and  coke  compared  with  anthracite, 
290;    and   coke,    difference   of   action 
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between,  297;  and  coke,  effect  of  high 
temperature  on,  289;  and  coke  furnaces, 
carbonic  acid  (CO,)  at  different  depths 
of,  292;  and  coke  furnaces,  increase  of 
temperature  towards  hearths  of,  296  ; 
average  consumption  of,  in  making  grey 
iron,  278 ;  Birkinbine's  comparison  with 
anthracite  and  coke,  290;  consumed  in 
Carinthian  furnaces,  compared  with  coke, 
128;  consumed  in  Swedish  furnaces,  276; 
cost  of,  in  America,  54 ;  consumption  of, 
compared  with  coke  in  making  white 
iron,  285;    consumption  of,  in  Austrian 
and  Swedish  furnaces,  274;  contains  less 
ash  than  coke,  134;   cost  of,  54,  135; 
diminution  of  heat  caused  by  inferior 
oxidation  of,  203;   foreign   matter   in, 
235 ;  furnaces,  American,  compared  with 
Stjrian   and    Swedish,   300;    furnaces, 
carbonic  acid  per  20  units  of  iron  less 
than    in    coke  furnaces,  291 ;  furnaces 
compared    with    coke    furnaces,    277; 
furnaces,  duty  performed  by,  in  Sweden, 
278;     furnaces    in    Sweden,    working 
of,  180;    furnaces  making  white  iron, 
284 ;  furnaces,  ore  not  reduced  \  hnght 
of,  298;  furnaces,  ratio  of  CO,  to  CO 
in,    more    than  in    those    using    coke, 
289;  furnaces,  tables  of  duties  of,  279; 
furnaces,   weight   of   burden    in,   277; 
furnaces,  witlidrawal  of  O  from  ore  in, 
296 ;  hard  and  soft  coke  compared  with, 
281 ;  heat,  equivalent  of,  compared  with 
coke,  281 ;  heat  evolved  per  unit  of,  281 ; 
iron,  cold  blast  American  preferred  for 
railway  wheels,  152;    iron,  cost  of  in 
Austria,  54 ;  iron,  extent  of  manufacture  of, 
in  United  Kingdom,  55 ;  low  consumption 
cf,  in  smelting  iron,  274;  manufacture 
of,  in  close  kilns  on  Lake  Superior,  54 ; 
moisture  in,  282;  percentage  yield  of, 
from   wood,   53,   135 ;    remarkably  low 
consumption  of,  in  blast  furnaces,  274 ; 
super-heated  air  applied  to,  298 ;  usually 
made  where  wood  is  grown,  54;  yield  of, 
from  acre  of  ground  in  United  States, 
53.      (See  also  blast  furnace,  carbon, 
carbonic  oxidcy  and  carbonic  acid.") 

Cliemical  action  in  blast   furnaces,  176; 
sequence  of,  in  blast  furnace,  176. 

Chemicals,  use  of,  in  puddling,  375. 

Chemical  works,  cost  of  labour  at,  501. 

Chief  iron-making  countries,  importance  of 
iron  exportation  from.  707. 

Chill,  deeper,  taken  by  cold  blast  iron  than 
by  hot.  153. 

Cliilled  railway  wheels,  cold  blast  charcoal 
iron  preferred  for,  152. 

Chlorides,  supposed  decomposition  of,  by 
sodium,  in  blast  furnace,  167. 


Chlorine,  presence  of •  in  blast  fmnaee^  167. 
Cinder,  colour  of,  indicates  oon^tum  of 
furnace,  171 ;  conditions  requisite  hs 
separation  of,  from  metal,  1G9;  effect  a 
quality  of  pig-iron  produced  frcnii,S58; 
furnace  (blast)  seldom  'witboat  tnioH  tf 
iron,  170;  emission  of  white  smoke  fnsu 
174;  from  purifying  iron,  anal;^  d, 
404;  in  boiler-plate,  composilaoa  of,  9G9; 
occlusion  or  absorption  of  gases  bv,  173; 
produced  at  BowUng,  analvses  fi,  SG9; 
quantity  of,  produced  in  maXnnft  pig  im, 
168;  refactory,  in  bade  process,  411; 
scouring,  causes  of  production  of,  I'SL 
(See  blaet/kmace,  ela^J) 
Clarence  furnace  compared  with  two  Uon 
with  superheated  ur   (Onnesby),  107; 
summary  of  working  of  two,  97.    (See 
blastfurnace.) 
Clay  ironstones,  extent  of  foreign  natter 
in,  56 ;  modes  of  calcination  of,  56 ;  flf 
coal  measures,  changes  in  use  of,  468; 
position  of,  among  ores  of  iron,  449; 
superiority  as  an  iron -making  natioo  of 
Gineat  Britfun,  referred  to^  454h     (See 
iron  ores.     Ores.} 
Cleveland,  and  charcoal  furnace  compwed, 
275 ;  and  Luxemburg  ores,  earthy  eonsCi* 
tuents  of,  compared,  171;  calcined  stone, 
loss  of  oxygen  in,  by  exposure  to  carfaanie 
oxide,  184 ;  calcined  stone,  reduction  o^ 
by  CO,  more  rapid  and  at  lower  tempen- 
ture  than  by  coke,  198 ;  district,  work  of 
modern  type  of  plant  in,  261 ;  furnaces, 
dimensions  of,  22 ;  hot  and  cold  blast,  heat 
absorbed  in  furnaces  using,  242 ;  iron,  care 
required  in  forge  with,  364;  iron,  cdce 
consumed  in  smelting  20  units  o^  126; 
iron,  heat  units  required  for  smelting  csf, 
96 ;  iron,  lowest  rate  of  consamption  of 
coke  required  in  smelting,  96;  iron  (Na3), 
theoretical  weight  of  coke  required  to 
make  a  ton  of,  105 ;  iron,  purification  o^ 
by  oxide  of  iron,  401 ;  iron  rails,  contents 
of  metalloids  in,  365;  iron,  refining  of, 
854;  iron,  slags  from,  in  basic  prooen, 
409 ;  ironstone,  character  of  deposits  cf, 
119;  ironstone,  reduction  of  bj  H,310; 
ironstone,  value  of  superheated  air  in 
connection  therewith,  119 ;  ironstone^  re- 
duction of,  by  hydrogen,  810;  ore,  effect 
of  CO  on,  compared  with  foreign  ore^ 
285;  pig  iron,  extent  of  impurities  in, 
69 ;  pig,  means  of  expelling  phosphorus 
from,  387;  seams  of  ironstone,  differences 
in  quality  of,  119. 
Clothing,  quality  of,  compared,  489. 
Coal,  Belgian,  629;  bituminous,  &c.,  analyses 
of,  120,   127,  511,  612,  616,  620,  6«, 
643,  (>i4 ;  bituminous,  consumption  of,  in 
Scotch  .blast  furnaces,  120;  bituminoQt, 
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reducing  properties  of,  when  used  raw, 
120;  coking  of,  to  fit  it  for  use  in 
blast  fomaee,  47 ;  condensation  of  water 
from,  in  gas  works,  314;  consumption  of, 
per  ton  of  puddled  bars,  363;  exports 
and  imports  by  five  nations  of,  449 ;  ex- 
pulsion of  moisture  of,  in  furnace,  324 ; 
French,  626;  Gkrtsherrie,  average  con- 
tent of  oxygen  and  moisture  in,  314; 
German,  623;  Great  Britain,  610;  im- 
portance of,  to  iron-exporting  countries, 
448;  in  Belgium,  cost  of  labour  at 
working  in,  509 ;  increased  cost  of  labour 
in  working  of,  606;  inferior,  now  used 
in  coke  manufacture,  92;  in  France, 
cost  of  labour  at^  510 ;  kinds  of,  capable 
of  being  used  in  raw  state  for  iron  smelt- 
ing, 46 ;  labour  cost  in  working,  in  Great 
Britain  of,  505 ;  labour  cost  of,  in  America 
and  Durham,  558;  miners,  average 
earningps  oft  in  different  countries,  514  ; 
miners,  fluctuations  in  earnings  of,  517 ; 
of  County  of  Durham  unfit  for  use  in 
raw  state  in  the  blast  furnace,  120;  of 
Durham,  volatile  substances  in,  49;  of 
North  Staffordshire  compared  vnth  coke 
as  used  in  Cleveland  furnaces,  123 ;  out- 
put of,  in  Germany  and  cost  of  labour 
in,  514 ;  output  of,  m  times  of  high  and 
low  prices,  513 ;  production  of,  in  chief 
producing  countries  in  1882,  448;  pro- 
duction of,  per  head,  506 ;  raw  and  coke, 
comparison  of,  in  blast  furnace,  325; 
raw,  use  of,  in  blast  furnace,  315 ;  raw, 
use  of,  in  furnace  smelting  Spanish  ore, 
823;  raw,  use  of,  in  smelting  oolitic 
ores,  324;  raw,  water  gas  obtained 
from,  335;  splint,  of  Airdrie,  120;  tar, 
recovery  of,  in  coking  process,  52;  United 
States  of,  632 ;  working,  ages  of  persons 
engaged  in,  512 ;  yield  per  acre  of,  136. 
(See  coke.  Durham  coal,  fuel,) 
Cochrane,  Chas.,  on  Ormesby  furnace,  264, 
Coke,  action  of,  on  CO^  (carbonic  acid), 
101;  air  required  for  combustion  of,  264; 
analysis  of,  from  Belgium,  104 ;  analysis 
of,  used  at  Clarence  furnaces,  104;  and 
charcoal  compared  mth  anthracite,  290 ; 
and  charcoal,  consumption  of,  compared 
with  anthracite  and  coke,  130 ;  and  char- 
coal, consumption  in  making  white  iron, 
compared,  285;  and  charcoal  furnaces, 
CO,  at  different  depths  of,  292 ;  and  char- 
coal furnaces,  increase  of  tempel'ature 
towards  hearth  in,  295 ;  and  charcoal,  pos- 
sible effect  of  high  temperature  on,  289 ; 
average  consumption  of,  in  hematite  fur- 
naces, 255;  average  consumption  of,  in 
making  Bessemer  pig,  255;  azote  in,  105; 
black  ends  of,  104;  causes  of  oxidation  of, 


247;  compared  with  raw  coal  for  smelt- 
ing, 325 ;  consumed  in  smelting  Cleveland 
iron,  126;  consumption  of,  as  effected 
by  increasing  temperature  of  blast,  249; 
continental,  large  quantity  of  earthy' 
matter  in,  238;  cooling  capacity  of,  on 
escaping  gases,  179 ;  difference  in  con-  ■ 
sumption  of,  as  between  rich  and  poor 
ores,  116 ;  economy  resulting  from  reduc- 
tion of  waste  of,  62;  effect  of  foreign 
matter  in.  235;  effect  of  impurities  in, 
100;  effect  of  introduction  of,  on  car- 
bonic acid,  179;  effect  of  oxygen  in,  on 
production  of  heat,  240;  effect  of  tempera- 
ture  and  condition  of  air  in  burning,  238 ; 
estimated  saving  of,  due  to  preliminary 
calcination  of  limestone.  59;  estimated 
weight  of  required  to  smelt  Cleveland  iron, 
87 ;  formula  for  estimating  carbon  derived 
from,  in  furnace  gases,  273 ;  furnaces  com- 
pared with  charcoal,  277 ;  f  umaces,weight 
of  burden  in,  277;  gases  given  off  by, 
heated  in  vacuo,  106 ;  heat  equivalent  of, 
260 ;  heat  equivalent  of,  compared  with 
charcoal,  281 ;  heating  power  of,  in  blast 
furnaces,  104;  importance  of  quality 
of,  100;  inferior,  use  of,  92;  larger 
rateable  weight  of,  burnt  in  smaller 
than  in  larger  furnace,  204;  limit  of 
economy  of,  by  increase  of  temperature 
in  blast,  88;  limit  of  economy  in,  by 
raising  blast  from  1,000°  to  1,700°  F.,  92; 
mechanical  texture  of,  101;  mode  of 
checking  consumption  of,  269 ;  ordinary 
yield  or,  in  bee-hive  oven,  236;  ovens, 
attempts  to  improve  the  yield  from,  692 ; 
ovens,  Simon  Carves*,  328,  592;  ovens, 
utilisation  of  waste  heat  at,  591 ;  oxygen 
and  azote  in,  104 ;  oxygen  contained  in, 
240;  percentage  of  earthy  and  volatile 
matters  in,  104;  quality  of,  affected 
by  mode  of  burning,  51;  quality  of, 
from  Carvds*  and  bee-hive  ovens,  328; 
quantity  of  oxygen  contained  in,  237; 
quantity  of,  required  to  make  pig  iron, 
261;  quantity  of,  required  to  smelt 
Cleveland  iron,  106;  soft,  aversion  of 
furnace  managers  to,  101 ;  soft,  effect  of 
CO,  on,  290 ;  soft,  effect  of,  in  splitting 
up  CO,,  196;  substitution  of,  b^  heat 
in  hot  air,  action  of,  88;  substitution 
of  heat  in  blast  for,  possible  extent 
of,  91;  temperature  at  which  CO, 
begins  to  act  on,  102 ;  theoretical  weight 
of,  required  to  make  the  ton  of  No.  3 
Cleveland  iron,  106;  useful  effect  of, 
diminished  by  presence  of  oxygen  in,  106* 
waste  of  different  qualities  of,  in  redu- 
cing zone,  102.  (See  ammonia  and  tar, 
coal,  coke,  coking  procets,  Durham  coal, 
fuel,  ovens.) 
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Cokiiig  prooesB,  extent  and  natare  of  waste 
in,  49;  generally  rude  and  unscientific, 
47;  in  open  air,  wasteful  of  coal,  53; 
Knab's,  description  of,  52 ;  less  wasteful 
in  France  and  Belgium  than  in  England, 
49;  loss  of  fixed  carbon  in,  51;  loss  of 
heat  in  Durham  county,  50.  (See  also 
coke.) 

Cold  blast  famace,  elements  of  heat  ab- 
sorption in,  242;  evolution  of  heat  in, 
243. 

Cold  blast  iron,  and  hot  blast  compared,  148 ; 
and  hot  blast  iron  of  America  compared, 
152 ;  composition  of,  and  hot  blast  iron, 
compared,  150. 

Cold  blast,  substitution  of,  for  hot,  effect 
of,  on  composition  of  iron,  150. 

Coltness  furnace  slags,  analysis  of,  233. 

Comparison  of,  acreage  yield  of  charcoal 
and  coke,  132;  blast  furnace  with  other 
furnaces,  140;  charcoal  and  coke  for 
blast  furnaces,  138;  consumption  of 
churcoal,  coke,  and  anthracite,  smelting 
the  same  ore,  130. 

Connelsville  coke,  price  of,  693  ;  wages  at 
collieries  of,  558. 

Consumption  of  iron  by  different  countries, 
470. 

Conveyance  by  water  in  United  States, 
cheap  instance  of,  595. 

Convict  and  slave  labour  in  Alabama,  557. 

Com,  averages  of,  481. 

Cornwall  ore,  cost  of  conveying  minerals 
for  iron  made  from,  691. 

Cort,  Henry,  first  attempt  to  puddle  on  sand 
bottoms  by,  351 ;  inventions  of,  14. 

Cost,  of  living,  in  North  of  England,  487;  of 
living  not  materially  different  in  different 
countries,  490;  of  making  iron  in  Lanca- 
shire fires,  347 ;  of  making  pig  iron,  in 
1727,  at  Stour  works,  349 ;  of  raw  ma- 
terials used  in  steel  manufacture,  387;  of 
transport  of  iron  ores  in  United  States 
and  United  Kingdom  compared,  473. 
(See  also  hoard  and  lodging,  butcker 
meat,  food,  provisions, 

Creusot,  working  of  revolving  puddling 
furnaces  at,  371. 

Cyanides,  behaviour  of,  in  blast  furnaces, 
223 ;  decomposition  of,  in  blast  furnace, 
327 ;  decrease  of,  during  ascent  in  fur- 
nace, 218;  supposed  cUstarbance  in  com- 
position of  gases  caused  in  blast  furnace 
by,  216. 

Cyanogen,  compounds  of,  conversion  into 
carlx>nates,224;  reducing  power  of,  on 
oxide  of  iron,  223. 

Danks  furnace,  dephosphorizing  agency  of, 
395;  revolving  furnace,  365;  revolving 
furnace,  conditions  for  success  of,  366. 
(See  also  puddling,) 


Darby,  Abraham,  inventions  of,  13. 

Dawes,  trial  of  water  gas  by,  in  SUftxd- 
shire,  329. 

Delhi,  iron  column  at^  10. 

Deoxidation,  of  alkalies,  supposed  posBUfit; 
of,  in  blast  furnaces,  214;  of  iron  le- 
garded  as  a  preliminarj  process  in  the 
blast  furnace,  207.  (See  also  aUa&m 
matter,  &c.) 

Deoxidising  action,  in  charcoal  fumaees 
making  white  iron,  201 ;  power  ai  fiff* 
nace,  addition  to,  by  use  of  raw  coal,  12L 

Deposition  of  carbon,  quick  and  alow  ent- 
rents  of  CO  in  promoting,  190. 

Diameter  of  blast  furnaces,  useful  linud 
of,  124. 

Direct  process,  advantages  of,  32 ;  and  bittt 
furnace  compared,  40 ;  as  carried  on  tX 
Lake  Champlain,  43;  as  means  of  re- 
moving phosphorus  compared  with  pad- 
dling process,  374;  by  means  of  tbe 
carbon  and  silicon  in  pi^  iron,  3$; 
compared  with  blast  furnace  and  pad- 
dling process  combined,  44;  compui- 
son  of,  with  blast  furnace,  61;  cost 
of,  compared  with  that  of  Bessemer 
steel,  34;  description  of,  31;  in  closed 
vessels  and  in  reverberatory  furnaces,  SS; 
in  low  fires  or  in  reverberatory  f  umsceSk 
reduction  of  ore  by,  66 ;  iron  from,  for 
steel-making,  35 ;  of  Clay  a&d  of  Cbenot» 
33 ;  of  M.  Dupuy,  37 ;  of  making  malle- 
able iron,  30 ;  of  Siemens,  37^;  of  T.  & 
Blair,  34 ;  prospect  of  revival  of,  5fc  rea- 
sons for  following  it  in  United  Statofl^ 
45 ;  Ritter  v.  Tunner  on  Siemens'^  plan, 
39;  Y.  Barra,  Messrs.,  as  practisedby,  83. 

Dissociation,  of  carbonic  oxide  by  different 
oxides,  189 ;  of  carbonic  oxide,  effect  of 
presence  of  carbonic  acid,  1 90 ;  of  carbonic 
oxide,  presence  of  metallio  iron  not  in- 
dispensable for,  193 ;  of  carbonic  oxides 
varying  power  of  different  samples  cf 
peroxide  of  iron  for,  190;  <k  prodnets  of 
combustion,  heat  absorbed  by  dlffOf*** 
tion  of,  48.  (See  also  blast  furnace,  car- 
bonic oxide.) 

Dixon,  Raylton,  on  cost  of  labour,  706»  721. 

Dudley,  Dud,  inventions  of,  13. 

Dufrenoy,  examination  of  resnlts  of  hot 
blast  by,  81. 

Dunlop  &  Co.*s  ironworks,  extent  of  saviag 
at.  by  hot  blast,  81. 

Durham  coal-field,  future  exhaustion  of, 
702. 

Durham  coal,  quantity  of,  annually  ooa- 
verted  into  coke,  47. 

Durham  coke,  average  yield  of,  in  ooun^ 
of  Durham,  49;  manuftUTture  of,  in 
fined  ovens,  51 ;  waste  in  mannfactm* 
of,  49. 
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Daties,  import,  extennon  of  the  iron  trade 
caosed  by,  474;  probable  effect  of  repeal 
of,  447 ;  protectiye,  effect  of,  446. 

Earnings,  agricultural,  472,  496  544;  at 
blast  furnaces,  562 ;  at  blast  furnaces  in 
Europe.  521 ;  at  Bessemer  steel  works. 
535 ;  at  coal  mines  in  Europe,  505 ;  at 
iron  ship  building,  501;  at  ironstone 
mines,  in  Cleveland,  517;  France,  518; 
Luxemburg,  618 ;  Northamptonshire, 
517 ;  Spain,  518 ;  Bessemer  steel,  571 ; 
coal  mines,  654 ;  iron  ore  mines,  575 ; 
malleable  iron,  566. 

Earnings  at  blast  furnaces  in  U.S.A.  from 
1870  to  1880, 565. 

Ebelman  and  Tunner  on  increase  of  oxjgen 
at  tuyeres,  212. 

Ebelman's  experiments  on  blast  furnace 
gases,  308. 

Economy,  margin  of,  in  Bessemer  and 
CleveUuid  iron,  406. 

Economy  of  fuel  effected  by  alteration  in 
mode  of  charging  furnaces,  100. 

England,  imports  of  iron  ^m  Belgium 
and  Germany  to,  466. 

English  workmen,  cost  of  living  of,  486. 

Essen,  production  of  water-gas  at,  331. 

Eudiometers,  errors  of,  306. 

European  countries  as  competitors  in  manu- 
facture of  iron,  702. 

Exhibitions,  international,  value  of,  441. 

Exports  of  iron,  from  chief  iron-making 
countries,  706 ;  of  all  kinds  from  Great 
Britain,  441;  to  iron-making  countries 
from  Great  Britain,  469. 

Exports  of  iron  manu&cturee  from  Bel- 
gium, 579;  France,  679;  Great  Britun, 
579  ;  United  States,  579. 

Fairbaim,  Sir  W.,  on  comparative  strength 
of  hot  and  cold  blast  iron,  150;  on  efrect 
of  application  of  heat  to  solid  iron,  148. 

Farm  and  ironworks  labour  in  Gbeat 
Britain  and  America,  differences  in, 
compared,  554. 

Farmer,  continental,  relations  with  British 
consumers,  480. 

Farming,  in  America,  540;  England,  542. 

Farm  labour,  cost  of,  in  United  States,  544 ; 
in  America,  Dr.  Young  on,  545. 

Ferrie's  furnace,  and  its  results,  122. 

Ferro-manganese,  use  of,  in  Bessemer 
process,  383. 

Fettling  employed,  in  Dank's  furnace,  895 ; 
for  puddling  furnaces,  362. 

Fire-brick  stoves,  and  metal-pipe  stoves, 
comparison  of,  107;  application  of,  to 
heating  blast,  234;  theoretical  evolution 
of  heat  in  burning  coke  with  air  heated 
in,  264;  value  of,  for  poor  minerals,  119. 
(See  also  hot  bltut) 


Fireplace   of   boiler,  analysis  of   depodt 

^thered  in,  282. 
Flmts  and  blast  furnace  slaff,  experiments 
with,  to  determine  evolution  of  heat  in 
reducing  zone,  76. 
Flour,  improvements  in  grinding  of,  488. 
Food,  cost  of,  in  United  States,  539;  cost 
of,  relatively  to  wages,  477 ;  machinery, 
use  of,  in  U.S.A.,  for  production  of,  540; 
rent  as  an  element  in  cost  of,  542 ;  trans- 
port of,  in  U.S. A.,  541;  weight  of,  re- 
quired per  family,  479.    (See  also  board 
and  lodging y  provisions.) 
Foreign  duties,  supposed  effect  of  repeal 

of,  461. 
Foreign,  iron  trade,  alarm  in  respect  to,  6; 
iron  trade,  compared  with  British,  7; 
iron  trade,  extension  of,  5. 
Foreign  matter,  different  modes  of  fredng 
pig  iron  from,  376 ;  matter,  effect  of,  in 
blast  furnace  fuel,  235. 
Foreign  workmen,  cost  of  living  of  484 ; 

mode  of  living  of,  484. 
FossU  coal,  use  of,  in  blast  furnace,  13. 
France,  Central  and  Southern,  as  exporter 
of  iron,  706  ;  coal  in,  449 ;  coal  working 
in,  510;  importations  into  and  make  (S 
iron,  1866  to  1880,  467 ;  imports  of  iron, . 
466 ;  iron  ore  raised  in,  467 ;  iron  trade 
between,  and  Great  Britain,  466;  North 
of,  cost  of  prorisions  in,  482 ;  position  of, 
in  the  iron  manufacture,  442. 
Free  trade,  benefits  conferred  by,  488; 
effect  of,  in  Great  Britain  and  on  the 
Continent  of  Europe,  495 ;  Right  Hon. 
John  Bright's  remarks  on,  490. 
Freight  on  pig  iron  to  America,  604^ 
Friderici  on  use  of  charcoal  in  blast  fur- 
naces, 284. 
Fuel,  combustion  of,  in  blast  furnaces,  140; 
consumed  in  Lancashire  fires,  347 ; 
dimii^ution  of  full  heating  power  of,  99 ; 
economy  of,  by  alteration  m  construction 
of  furnace,  78 ;  economy  of,  by  altering 
method  of  charging,  100;  economy  o£ 
effected  by  hot  olut  in  different  locali- 
ties, 82 ;  dFect  of  foreign  matter  in,  235; 
expulsion  of  gaseous  matter  in  blast 
furnace  from,  2134b  ;  in  furnace,  effect  of 
CO.  (carbonic  acid)  on,  295 ;  loss  of,  in 
smelting  20  units  of  iron,  237 ;  minimum 
of,  required  in  smelting  Cleveland  iron,  99; 
possibilities  of  further  reductions  in  con- 
sumption of,  145 ;  preliminaiT  treatment 
of,  46 ;  small  consumption  or,  in  certain 
Cleveland  furnaces,  117 ;  used  in  heating 
blast,  cost  of  and  money  saving  effected 
by,  91 ;  value  of,  in  blast  furnaces  de- 
pendent on  fixed  carbon,  234;  waste  of, 
by  deficient  production  of  carbonic  acid. 
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Fael —  ConHtmed, 

107 ;  waste  of,  by  irregnlar  distribution 
of  reducing  gases,  111 ;  waste  of,  in  blast 
furnace  where  flux  contains  carbonate  of 
magnesia,  68;  waste  of,  in  furnaces  of 
small  capacity,  123.  (See  also  coal,  coke, 
charcoal,  bUuft  fnrnace. 

Fume,  analysis  of,  224;  blast  furnace, 
occurrence  of,  174;  composition  of,  at 
different  levels  of  furnaces,  230 ;  of  blast 
furnace,  substances  found  in,  229. 

Furnace,  blast,  capacity  of,  and  temperature 
of  blast  convertible  terms,  247;  blown 
with  superheated  air.  working  of,  107; 
charcoal,  capable  of  turning  out  large 
quantities  of  iron,  183 ;  charcoal,  in 
Sweden,  working  of,  130;  decreased 
make  at,  amount  of  loss  entailed  by,  254 ; 
importance  of  shape  of,  268;  diameter  at 
tuyeres  of,  124;  effect  of  enlargement 
of,  and  its  analogy  with  the  action  of 
hot  blast,  84;  effect  of  increased  dimen- 
sions compared  with  that  of  heating  the 
blast,  86;  enlargement  of  diameter  of, 
124;  importance  of  shape  of,  124;  in- 
crease of  height  and  increase  of  diameter 
considered,  124 ;  large  make  in  small,  in 
Scotland,  121;  of  different  dimensions, 
duty  performed  in,  75;  of  different  dimen- 
sions, results  obtained  by,  85 ;  of  48  feet 
and  80  feet  in  height  compared,  112;  point 
at  which  further  enlai^ement  is  necessary 
in,  123;  size  and  temperature  of  blast 
of,  124;  smelting  Bilbao  ores,  working 
of,  113.     (See  also  blast  furnaces.) 

Fusible  slags,  production  of,  in  blast  fur- 
nace, 57. 

Gartsherrie,  coals,  average  quantity  of 
oxygen  in,  814 ;  furnaces,  production  of 
sulphate  of  ammonia  in,  327 ;  furnaces, 
recovery  of  tar  and  ammonia  from  gases 
at,  814. 

Gaseous  fuel,  probable  future  use  of,  329. 

Gases,  action  at  different  levels  of  blast 
furnace,  222 ;  action  of,  on  spongy  iron, 
221 ;  alteration  in  quantities  of  carbon 
and  oxygen  in,  215 ;  bulk  of,  passing 
over  ore  in  furnace  using  raw  coal,  323 ; 
Bunsen  and  Playfiur's  experiments  on, 
308;  carbon  from  fuel  calculated  by 
average  composition  of,  269;  carbonic 
acid,  disappearance  at  Ormesby  furnace 
in,  248;  carbonic  acid  in,  at  Ormesby, 
252;  carbon  in,  at  different  levels  of 
furnace,  208;  changes  in  composition 
in,  as  indication  of  changes  in  ore,  207 ; 
changes  of  composition  of,  as  they  rise  in 
blast  furnace,  201;  composition  of,  at 
different  levels  of  furnace,  210;  com- 
]x)8ition  of,  in  furnaces  of  48  feet  and  80 


feet,  73  ;  conditions  of  carbon  in  the,  270; 
emitted  in  smelting  iron  with  raw  eoiL 
121;  escaping,  carbon  deposited  by,  20S; 
escaping,  composition  and  tempentnie 
of,  177 ;  escaping,  effect  of  cha^^  oa 
temperature  of,  179 ;  escaping,  esdmite 
of  oxygefi,  in,  207 ;  escaping,  exhauftioo 
of  reducing  power  of,  201 ;  escaping  inm 
blast  furnace,  anal3'sis  of,  68;  escaping 
from  blast  furnace,  carbon  contuned'ia, 
68;  escaping,  from  Scotch  fumaees, 
analysis  of,  317;  escaping,  loss  eon- 
sequent  on  weight  of.  111 ;  escaping^ 
oxidation  of  carbon  and  hydrogen  ia, 
compared.  319;  escaping,  reducing  bj, 
as  affected  by  scaffolding,  253 ;  escaping, 
use  of,  in  heating  blast,  251;  escaptog, 
utilisation  of,  23;  escaping,  volnnielzie 
composition  of,  178;  escaping,  weighti 
of,  318;  furnace,  adaptability  of,  fcr 
steam  boilers,  etc.,  827;  given  off  by 
coke  heated  in  vacuo,  10^ ;  heat  escapuq^ 
unutilised  in,  240;  heat  lost  in,  at 
Ormesby,  248;  in  Bessemer  ^'blow," 
alteration  in  391 ;  in  Bessemer  *'bIow," 
reducing  power  of,  392;  in  converts, 
nature  of,  889;  increase  of  CO,  at 
blast  fuanace,  178;  of  basic  blow,  heat 
carried  off  in,  424;  of  blast  fumaee, 
hydrogen  present  in,  306 ;  loss  of  heat  is, 
73 ;  oxygen  in,  270 ;  prolonged  action  est 
on  solids  by  diminution  of  volume  of,  %; 
recovery  of  tar  and  ammonia  from,  314; 
reducing  energy  of,  intensified  by  hy^ro- 
gren,  313 ;  relation  of  nitrogen  to  carboa 
and  oxygen  in,  270;  saturation  dt,  bf 
oxygen,  98 ;  unable  to  reduce  iron  when 
one-third  of  carbon  is  in  form  of  carbonie 
acid,  239;  waste  of  heat  caused  by  escape 
of,  from  blast  furnaces,  73 ;  weight  tad 
composition  of,  from  laxge  fumaoes, 
204;  weight  and  composition  of,  froa 
small  furnaces,  206.  (See  also  blast /hr^ 
naces,) 

German  export  trade,  nature  of,  474. 

Germany,  coal  resources,  448 ;  coal  workiqg 
in,  514 ;  cost  of  living  at  different  towns 
of,  485;  cost  of  maintenance  at  iron- 
works in,  484;  cost  of  provisions  iiw 
483 ;  effect  of  protective  duties  in,  461 ; 
exports  of  iron  from,  474  ;  exports  d 
pig  iron,  &c.,  from,  445. 

Girders,  &c.,  export  of,  from  Germany  and 
Belgium  to  Great  Britain.  703. 

Giers,  J.,  "soaking  pits"  of,  440. 

Glazed  iron,  analyses  of,  162;  mode  of  eor- 
recting  production  of,  168. 

Gow,  T.,  farming  in  Great  Britain.  542. 

Grade  of  iron  not  necessarily  affected  hf 
quantity  or  quality  of  carbon,  168. 
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Oiaff,  Bennett  k  Company's  experience  of 
revolving  furnaces,  870. 

Granville's  (Lord)  cold  blast  furnaces, 
economy  of  fuel  by  increase  of  size  of, 
85. 

Oraphite,  analyses  of,  separated  from  pig 
iron,  156. 

Gratz,  manufacture  of  Siemens-Martin  steel 
rails  at,  426. 

Great  Britain  as  an  iron-producing  country, 
715  ;  change  in  character  of  minerals 
used  in,  457;  coal  resources  of,  448;  com- ' 
parative  cost  of  living  in,  495  ;  cost  of 
agricultural  labour  in,  496;  exports  of 
iron  from  1871  to  1882,  444;  iron  ore 
resources  of,  449 ;  labour,  increased  cost 
of,  in,  447 ;  lias  measures  of,  457 ;  lime- 
stone resources  of,  461 ;  make  of  pig  iron 
in,  in  1740.  443;  make  of  pig  iron  in, 
1830  to  1882,  454;  malleable  iron,  pro- 
duction of,  in,  460  ;  position  for  manu- 
facture of  Bessemer  pig  in,  451 ;  progress 
of  invention  in,  443;  quantities  of  pig 
iron  made  in,  443;  relative  position  of 
mining  resources  of,  587 ;  sources  of  iron 
ore  production  of,  453 ;  supremacy  of  iron 
manufactures  of,  threatened  with  abate- 
ment, 446. 

Grey  iron,  avei*age  consumption  of  charcoal 
iu  making,  278. 

Grey ness  of  iron  as  affected  by  temperature, 
149. 

Griiner,  Prof.,  on  influence  of  Silica  in  pre- 
venting removal  of  phosphorus  from  iron, 
397. 

Hanging  Bock,  ironstone  of,  674. 

Harrison,  T.  £.,  on  weight  of  rails  laid 
down  in  United  Kingdom,  430. 

Hearth  of  blast  furnace,  oxygen  separated 
at,  213. 

Hearth  of  cold  blast  furnace,  heat  of,  149. 

Hearths,  low,  first  used  for  making  bar 
iron,  344. " 

Heat  absorbed  by  dissociation  of  products 
of  combustion,  48;  absorption  of,  in 
basic  process  at  Hdrde,  422 ;  amount  of, 
for  gasification  of  volatile  constituents 
of  c<»l,  319 ;  amount  of,  provided  by  hot 
blast  and  by  oxidation  of  carbon,  88; 
application  of  in  evaporation  of  water, 
138;  avoidance  of  waste  of,  247;  calcula- 
tions, basis  of,  47;  carried  off  in  gases 
of  basic  blow,  424;  computation  of, 
obtained  from  raw  coal  in  blast  furnace, 
320 ;  desirability  of  knowing  quantity  of, 
required  in  smelting,  95;  developed  by 
oxidation  of  carbon,  205;  developed  in 
iron  smelting  per  unit  of  carbon,  96; 
developed  in  larger  and  smaller  furnaces 
compared,  206 ;  development  in  cold  blast 


furnaces  at  tuyeres,  85 ;  development  in 
hearth  of  blast  furnace,  64;  different 
quantities  of,  afforded  by  different  bodies, 
48;  due  to  oxidation  of  iron  in  basic 
process,  423 ;  economy  effected  by  succes- 
sive additions  of,  to  blast,  265 ;  effect  of 
increase  of,  on  elements  contained  in 
iron,  149;  effect  of  repeated  application 
of,  to  solid  iron,  149 ;  emitted  by  com- 
bustion of  different  varieties  of  coal.  50 ; 
equivalent  of  charcoal  of,  in  the  blast 
furnace,  274;  equivalent  of  Cleveland 
furnaces  using  coke,  and  charcoal  fur- 
naces compared,  275 ;  equivalent  of  coke 
and  charcoal  compared,  281;  equivalent 
of,  obtained  from  coke,  241,  260;  equi- 
valent per  unit  of  charcoal  in  Swedish 
furnaces,  303;  evolved  and  absorbed  in 
blast  furnaces,  comparison  of,  241 ; 
evolved  by  combustion  with  air  in  char- 
coal furnaces,  303 ;  evolved  in  basic  blow, 
420;  evolved  in  furnaces  of  different 
dimensions,  74 ;  evolved  per  20  units  of 
carbon,  195 ;  evolved  per  unit  of  carbon, 
69 ;  evolved  per  unit  of  charcoal,  281 ; 
evolved  per  unit  of  coke,  117;  evolution 
of,  by  increase  of  carbonic  acid  in  gases, 
178;  evolution  of,  in  reducing  zone,  76; 
expenditure  of,  on  limestone  used  in 
blast  furnace,  594;  function  of,  in  upper 
part  of  blast  furnace,  46;  given  off 
by  fixed  carbon  in  blast  furnaces,  235; 
high  coefficient  of,  at  Ormesby  blast 
furnaces,  254 ;  in  blast  may  be  equivalent 
to  heat  from  fuel,  255 ;  in  blast,  substitu- 
tion of,  for  heat  in  coke,  253;  in  escaping 
gases,  248 ;  in  escaping  gases  leaving  the 
blast  furnace,  143 ;  in  hearth,  black  slag 
proof  of  insufficiency  of,  291 ;  intercep- 
tion of,  by  materials  in  blast  furnace,  64 ; 
leaving  blast  furnace,  utilisation  of,  143 ; 
loss  of,  from  chimneys,  143;  loss  of,  in 
coke-making,  49;  loss  of,  in  escaping 
furnace  gases,  74;  loss  of,  in  escaping 
gases,  142;  loss  of,  in  escaping  gases, 
incapable  of  reduction  below  certain 
limits,  76;  loss  of,  in  process  of  coke- 
making,  50;  of  hearth  of  cold  blown 
furnace,  149 ;  only  portion  of,  not  use- 
fully appropriated  in  blast  furnace,  142 ; 
possible  extent  of  substitution  of  in  blast 
for  coke,  91 ;  previous  exposure  of  fuel 
to,  effect  of,  in  enabling  it  to  resist  action 
of  ore,  288 ;  produced  in  blast  furnace, 
sources  of,  80;  proportion  of  evolved  in 
blast  furnace  due  to  oxidation  of  carbonic 
oxide,  127;  prospective  economy  of,  in 
blastfurnace,  146;  quantity  and  intensity 
of,  from  combus^on  of  water  gas,  836 ; 
quantity  of,  as  distinguished  from  in- 
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tensity,  49;  quantity  of,  disting^nished 
from  mtenrity,  49 ;  quantity  of,  evolved 
in  coke-making  by  bee-hive  oven,  50; 
quantity  of,  in  blast,  per  unit  of  coke 
burnt,  264;  quantity  of,  lost  annually  in 
Dnrluun  in  coke-making,  50;  quantity 
of,  which  escapes  unutilised  in  gases,  240; 
required  in  basic  and  acid  processes,  com- 
parison of,  421;  requirements  of  Austrian 
and  Cleveland  furnaces  compared.  129; 
requirements  for  smelting  two  different 
varieties  of  ironstone,  116;  sources  of, 
in  acid  and  basic  processes,  419 ;  sources 
of  loss  of,  in  blast  furnace,  80;  specific, 
48;  theoretical  evolutions  by  coke  of, 
using  fire-brick  stoves.  264 ;  units  of « lost 
in  combustion  of  raw  coal,  139 ;  units  of, 
required  to  smelt  20  units  of  Cleveland 
iron,  106;  units  or  calories  req'uired  to 
smelt  Cleveland  iron,  95 ;  units  required 
per  20  kilos  of  pig  iron  smelted  from 
Cleveland  stone,  98;  used  and  wasted  in 
blast  furnace,  summary  of,  144;  useful, 
in  blast  furnace,  afforded  by  coke,  47; 
values  for  different  bodies  in  basic  blow, 
423;  varying  measures  of,  required  to 
smelt  similar  quantities  of  iron,  95; 
varying  quantities  of,  afforded  by  differ- 
ent degrees  of  oxidation  of  the  fuel,  48 ; 
waste,  application  in  raising  steam  by, 
139;  waste,  at  coke  ovens  applied  at 
collieries,  50;  water  gas,  heat  evolved  by. 
(See  also  hloit  Jkimace.) 

Heated  ur,  figures  illustrating  the  saving 
of  fuel  by,  86. 

Heath,  R.,  experience  of,  ^ath  revolving 
furnaces,  370. 

Heath's,  I.  M.,  addition  of  manganese  to 
crudble  steel,  383. 

Heath's,  I.  M.,  process  of  steel  making,  426. 

Height  of  blast  furnaces,  no  uniform  law 
for  determining,  145. 

Hematite  furnaces,  smelting  Bilbao  ores, 
work  of,  113. 

Hematite  ores,  resources  of,  in  United 
Kingdom,  450. 

Hewitt  A.,  on  cost  of  pig  iron  in  Southern 
Stat^  of  America,  585. 

High  Level  Bridge  (Newcastle)  quality  of 
iron  selected  for,  150. 

Hindoo  process  of  steel  making.  436. 

Hot  blast  and  cold  blast  iron,  differences  of 
quality,  152 ;  Fairbaim's  experiments  on, 
150. 

Hot  blast,  Dufrenoy's  examination  of,  81 ; 
Dunlop  k  Company's  saving  by,  81 ;  £. 
A.  Cowper,  improvements  by,  24 ;  effect 
of,  compared  with  that  of  enlargement  of 
furnaces,  84;  effect  of,  on  quality  of 
iron,  148;  examination  and  theory  of 


action  of,  81 ;  examination  o^  br  Dnfre* 
noy,  81;  explanation  of  action  of,  S; 
fuel  used  for  heatiiw,  91 ;  gain  suppond 
possible  by,  at  1954^  F-,  90;  generd  use 
of,  in  Sweden,  154;  invention  of,  16; 
and  cold  blast  iron,  148;  saving  \k, 
241;  saving  effected  by  application  i, 
to  iron  smeltin|[r*  81;  temi>eratuTe  of, 
in  early  days  of,  22.  (See  also  hlattfrnt- 
naee,) 

Hours  of  labour,  British  and  foreign  cod- 
pared,  500. 

House  rent  and  board,  cost  of,  489;  db«r- 
vations  on,  489. 

Hydro-carbons,  value  of,  in  blast  furnace, 
235. 

Hydrogen  and  compounds  of,  in  bisrt 
furnace,  305 ;  and  other  gases  at  tuyerei. 
807;  and  oxygen  in  escaping  gases  d 
Scotch  furnaces,  820;  as  a  deoxidini^ 
agent,  322;  compared  with  CO  as  rednc- 
ing  agent,  310 ;  content  of,  in  Gartsherrie 
coal,  314;  decomposition  of  CO.  sod 
CO  by,  312,  824;  difficul^  of  proriiv 
exact  quantity  of,  in  blast  ramaoe  gases. 
806 ;  doubtful  utility  of,  in  coke  fumaeei, 
309 ;  enquiry  into  value  of,  for  smelting 
iron,  329 ;  generally  present  in  the  UasC 
furnace,  805;  in  hearth  of  furnace, 
caused  by  water,  305  ;  mixture  of,  with 
carbonic  oxide,  in  reducing  Clevdand 
ore,  310;  not  proved  to  be  a  rednctiig 
agent  in  coke  furnaces,  309;  oxidation 
in  blast  furnace,  320 ;  oxidation  of.  in 
blast  furnace  by  os^gen  in  coal,  S21; 
presence  of,  due  to  imperfectly  charred 
wood  or  coal,  305;  proposed  use  br 
Mickle  in  smelting  iron,  329;  quantity 
of,  ascertained  by  its  oonveraon  into 
water,  806 ;  quantities  of,  in  blast  fur- 
nace gases,  306 ;  reducing  energy  of  Uast 
furnace  gases  intensified  by,  313 ;  rednc- 
ing  power  of,  in  blast  furnace,  315;  re- 
ducing powers  of  mixtures  of  CO,  and 
CO  intensified  by,  313 ;  superior  affinity 
of,  for  O  compared  with  CO?  310.  (See 
also  blast  furnace,) 

Import  duties,  difficulties  attending  levyiofT 
of,  584;  in  Germany,  581 ;  with  transport 
charges  on  pig  iron,  America,  606. 

Import  of  iron  by  non -producing  cooa- 
tries,  467 ;  of  iron  into  Great  Britain. 681; 
of  ores  and  exports,  452 ;  of  ores  froB 
Spain,  450. 

Impurities  present  in  limestone,  57. 

Ingot  iron  i;.  welded  iron  for  boilers,  876. 

In^ts,  steel.  Alex.  Wilson's  plan  of  avoid- 
ing reheating  of,  439. 

Intensity  of  heat  distinguished  £rom  qoaa- 
tity,  49. 

International  Exhibitions,  value  of,  44L 
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Intoxicating  drinks,  Dr.  Young  on,  490; 
use  of,  in  Great  Britain  and  in  foreign 
countries,  491. 

Iodine,  action  of,  on  metalUc  iron,  198. 

Iron  Age^  remarks  of,  on  Baker's  costs  of 
iron,  695. 

Iron,  and  carbon,  temperatures  at  which 
they  are  acted  on  by  carbonic  acid,  71 ; 
and  carbon,  tendency  to  combine,  160 ; 
and  steel,  future  improvements  in  manu- 
facture of,  708;  and  steel,  probability 
of  future  improvements  in  manufacture 
of,  706;  and  steel,  quality  of,  deter- 
mined by  composition,  405 ;  changes  in 
manufacture  of,  2;  charcoal,  expensive 
manufacture  of,  in  United  Kingdom,  55 ; 
Cleveland  No.  3,  theoretical  weight  of 
coke  required  to  make  a  ton  of,  105; 
consumption  of,  per  head  in  different 
countries,  470;  cost  of  minerals  for 
manufacture  of,  584;  costs  of,  by  W.  £. 
S.  Baker,  in  Eastern  States  of  America, 
695 ;  difference  in  make  of,  when  using 
charcoal,  coke  and  anthracite  respectively, 
132 ;  disappearance  of,  in  ancient  monu- 
ments, 8;  extended  use  of,  17;  foundries, 
early  mention  of,  12;  from  blast  furnace 
containing  no  carbon,  specimen  of,  161 ; 
grey,  refining  of,  356 ;  hardening  of,  by 
excess  of  sulphur  in  coke,  103;  im- 
ports into  Great  Britain  from  Germany 
and  Belgium,  581 ;  improvements  in  ma- 
nufacture of,  effect  of,  586 ;  increase  of 
foreign  manufacture  of,  2;  indication 
of,  in  ores,  9;  lars^e  mass  of,  in  column 
at  Delhi,  10;  making  countries,  com- 
parative advantages  of,  403 ;  malleable, 
future  of,  28;  manufacture,  effect  of 
improvements  in,  on  British  iron  trade, 
6;  manufacture,  future  of,  28;  manu- 
facture, historical  notice  of,  8;  manu- 
facture, position  of  workmen  connected 
therewith,  708;  manufacture  of,  pro- 
gress of,  in  18th  century,  15 ;  manufac- 
ture, prospect  of  further  improvements 
in,  587;  manufacture,  skill  of  different 
nations  in,  582;  manufactures,  exports 
from  Belgium,  579;  manufactures,  ex- 
ports from  France,  579;  manufactures, 
exports  from  Great  Britain,  579;  manu- 
factures, exports  from  Uniteid  States,  579 ; 
manufactures  in  Germany,  development 
of  exports  of,  579;  manufactures  of 
QtreaX,  Britun,  competition  with,  578; 
meteoric,  8;  native,  8;  older  modes  of  ma- 
nufacture of,  compared  with  modem,  27. 
pig  and  bar,  table  of  costs  of,  in  Eastern 
States  of  America,  696;  possible  early 
formation  of  tools  of,  10 ;  present  pros- 
pects of  trade  in,  711 ;  primitive  modes 


of  manufacture  of,  9;  producing  coun- 
tries compared,  578 ;  prospect  of  future 
improvements  in  manufacture  of,  708; 
reduced  cost  of,  in  consequence  of  im- 
provements in  the  manufacture  of,  29 ; 
refined,  analyses  of,  at  Tudhoe  and  Bow- 
ling, 355 ;  refined  and  pig,  analyses  of, 
354;  reoxidation  of,  by  carbonic  oxide, 
193 ;  spongy,  effect  of  carbonic  acid  on, 
185;  trade,  future  of,  587;  trade  of 
America,  604;  workmen  engaged  in 
manufacture  of,  709.  (See  also  hlatt 
furnace.) 

Iron  ores,  calcination  of,  66 ;  cause 
of  high  price  of,  693;  carriage  on 
minerals  lor  making  iron  in  united 
States,  690;  classification  of,  455,  499; 
classification  of,  as  delivered  to  blast 
furnaces,  55 ;  division  into  those  fit  for 
steel-making  and  those  unfit  for  steel, 
449 ;  effect  of  using  uncalcined  in  blast 
furnace,  56;  extent  of  lias  measures  of, 
457;  fuel  consumed  in  calcination  of, 
56;  hematite,  resources  of,  in  Great 
Britain,  450 ;  imports  and  exports  of,  in 
different  countries,  452;  imports  into 
U.S.A.  of,  692 ;  imports  of,  from  Spain, 
450 ;  inexhaustible  supply  of,  for  basic 
steel  manufacture,  451 ;  labour  in  mining 
at,  517;  of  Belgium.  659;  of  France, 
656;  of  German  Zoll  Verein,  652;  of 
Great  Britain,  646;  of  U.S.A.,  660; 
of  Western  Germany  and  Eastern 
France,  653 ;  preliminai^  treatment  of, 
55 ;  production  of.  in  different  countries, 
451 ;  resources  of,  in  United  Kingdom, 
449;  resources  of  United  States,  472; 
restricted  output  per  man,  of  520; 
sources  of  production  of,  in  United 
Kingdom,  44U^,  453;  spathose,  position, 
of,  in  Great  Britain,  450;  transport  of, 
in  United  States,  473 ;  wages  in  U.S.A. 
at,  559.  (See  also  hUui  furmice,  iron- 
stone.) 

Ironstone,  action  of  carbon  on,  197 ;  cooling 
capacity  on  escaping  gases  of,  179;  earn- 
ings in  Cleveland  at,  517;  earnings  in 
France,  518;  earnings  in  Luxemburg, 
518;  earnings  in  Northamptonshire  at. 
517 ;  earnings  in  Spain,  518 ;  effect  of 
imperfect  calcination  on,  240;  tempera- 
ture required  for  deoxidation  of,  191; 
wages  and  production  at  working,  com- 
parison of,  518.  (See  also  hUut  furnace, 
iron  ore.) 

Iron  shipbuilding  in  Nom'ay,  706,  721. 

Iron  trade,  depression  of,  1;  present 
prospects  of,  711. 

Jameson's  coking  process,  oil  and  tar  from, 
328. 
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Eentncky  ore,  692;  cost  of  conveying 
minerals  for  iron  made  from,  692. 

Kish  given  off  hot  metal,  155. 

Knab's  process  of  coke-making  described, 
52 ;  results  of  trials  of,  53. 

Knights,  Messrs.,  manufacture  of  iron  in 
1727,  348. 

Krupp,  on  removal  of  phosphorus  from  pig 
iron,  404. 

Labour,  agricultural,  in  England  and  other 
countries,  475;  and  prices  of  iron,  and 
prices  of  provisions  in  America,  548 ;  and 
prices  of  iron  in  Great  Britain  compared, 
548;  and  provisions,  connection  between, 
cost  of,  539,  553 ;  at  Middlesbrough,  Mr. 
Weeks  thereon,  699;  convict  and  slave,  in 
Alabama,  557;  cost  in  chemical  works 
in  England,  504;  cost  of,  in  Northern 
and  Southern  States  of  America,  554; 
cost  of,  in  working  coal  in  Great  Britain, 
505 ;  cost  on  Rhine  and  in  Great  Britain, 
500 ;  difficulties  in,  710 ;  economy  of,  at 
blast  furnaces,  525 ;  farming,  in  America 
and  North  of  England  compared,  553 ;  in 
America,  J.  D.  Weeks  on,  674 ;  in  America, 
higher  cost  of,  574 ;  in  Great  Britain  and 
Continent  of  Europe,  495;  in  United 
States  of  America,  539 ;  Irish,  character 
of,  494 ;  price  dependent  on  cost  of  pro- 
visions. 539;  projwrtion  of  cost  of  pig 
iron,  475 ;  severity  of,  in  puddling,  365 ;  on 
building  of  iron  ships,  501 ;  on  building 
of  iron  ships,  English  and  Foreign  com- 
pared, 502, 706;  slave,  in  Alabama,  557. 

Labouring  classes,  improved  condition  of, 
478. 

Lake  Champlain  ore,  cost  of  conveying  mine- 
rals for  iron  made  from,  691. 

Lake  Superior  ore,  cost  of  conveying  mine- 
rals for  iron  made  from,  690. 

Lancashire  and  West  Cumberland,  iron  ores 
of,  458. 

Lancashire  fires,  anal^'^sis  of  slag  from,  346; 
continued  use  of,  in  Sweden,  154;  fuel 
consumed  in,  347 ;  method  of  working  of, 
847;  quality  of  iron  produced  by,  344; 
quality  of  iron  used  in,  276 ;  still  used  in 
Sweden  and  Russia,  845. 

Lead,  presence  of,  in  blast  furnaces,  228. 

Life  of  rails,  duration  of,  378. 

Lignites  and  peat,  composition  and  qnalities 
of,  136 ;  inferiority  of,  for  smelting  iron, 
137. 

Lime,  affinity  of,  for  snlphur  at  hign  tem- 
peratures, 58  ;  associated  with  carbonate 
of  magnesia  in  United  States,  58;  be- 
haviour of,  with  carbonic  acid  at  high 
temperatures,  60;  effect  of  sublimating 
infiuences  on,  in  blast  furnace,  232 ;  ex- 
cess of,  required  to  free  iron  from  sulphnr. 


58;  lining,  use  of,  for  Bessemer  cod* 
verters,  406 ;  not  indispensable  in  Ihsl 
furnace  slags,  169;  retention  of  carboBJe 
acid  by,  198.    (See  also  blast fumact,) 

Limestone,  681 ;  flJumina  in.  57 ;  f^l^r^iMtSaw 
of,  before  being  used  in  blast  fomace,  58; 
calcined,  use  of,  in  blast  fnmace.  209; 
carbon  carried  off  by  carbonic  add  d. 
216;  carbon  oxidised  by  carbonic  arid 
in,  107;  dispensing  with  use  of,  591; 
expense  attending  its  use,  594;  geologiol 
deposits  of,  57 ;  greater  quantity  required 
of,  when  using  mineral  fuel,  130;  in 
different  countries,  681 ;  magnesxan,  con- 
tent of  magnesia  in,  58 ;  mountiun,  im- 
purities present  in,  57;  preliminair 
treatment  of,  57 ;  quarrynien,  cost  it 
living  in  North  of  England,  487;  nw, 
objection  to  use  of,  in  blast  furnace,  59 ; 
resources  of,  in  United  Kingdom.  461; 
silica  and  alumina  in,  57.  (See  al«o 
blast  furnace,  carbonic  acid.) 

Limits  of  useful  size  of  furnaces  and  tem- 
perature of  blast,  124. 

Liquidity  of  iron  necessary  for  removal  of 
phosphorus,  398. 

Lithia,  presence  of,  in  blast  furnace  flame. 
229. 

Living,  cost  of,  in  different  countries,  490; 
cost  of,  in  the  North  of  England,  487. 

Locomotive  and  marine  boilers,  iron  suit- 
able for,  373. 

Locomotive  engines,  loss  of  heating  power 
of  fuel  in,  139. 

Low  fire,  result  of  throwing  ore  on  to, 
66. 

Luxemburg,  cost  of  food  in,  518 ;  ore,  com- 
position of,  654. 

Machinery,  exports  of  from  Great  Britain, 
Belgium,  and  France,  579;  exports  from 
United  States,  580. 

Macaulay  on  cost  of  living  in  England,  47& 

Magnesia,  compound  of,  with  silica  and 
lime,  58 ;  effect  of  presence  of,  in  lime* 
stone,  58. 

Magnesium  found  in  pig  iron,  167. 

Malleable  iron,  brands  of  pig  preferred 
for,  153;  competition  from  Belgium  in 
girders,  534 ;  cost  of  labour  in  different 
countries,  comparison  of,  527;  cost  of 
labour  at,  in  Great  Britain  and  on  the 
Continent  compared,  529  ;  cost  of  mak* 
ing  in  1727  at  Stour  Works,  349;  direct 
processes  for  making.  80 ;  direct  proceet 
in  America,  &c.,  31;  direct  process  in  Ada 
and  Africa,  30 ;  effect  of  steel  trade  on 
production  of,  459 ;  English  and  Swed- 
ish, analysis  of,  346;  fluctuations  in 
cost  of  labour  in  manufacture  of,  52S; 
from  cold  blast  Clarence  pig  not.8nperiar 
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to  hot  blast,  150 ;  labour  at  forges  and 
mills,  530;  labour  at  manafacture  of, 
525 ;  make  in  Great  Britain  of,  460 ; 
make  of,  in  the  North  of  England,  459 ; 
manufacture  of,  in  low  hearths,  344; 
manufacture  of,  in  United  States,  566 ; 
mechanical  puddling  in  manufacture  of, 
528;  production  of,  in  United  Kingdom, 
460 ;  puddling,  cost  of,  in  United  States 
and  England,  667 ;  quantity  of  hearth- 
refined,  produced  in  Russia  and  Sweden, 
348;  superiority  in  strength  of  Bessemer 
steel  over,  385 ;  wages  in  mills.  United 
States,  from  1870  to  1881,  570.  (See 
also  boiler  plates,  369,  373.) 

3fanganese,  as  a  constituent  of  iron  ores, 
166 ;  effect  of,  in  iron  and  steel,  166 ; 
Heath's  addition  of,  to  crucible  steel, 
383 ;  requires  high  temperature  for  re- 
duction, 166;  use  of,  in  Bessemer  pro- 
cess, 20. 

Manufactures,  effect  of  introduction  of, 
475. 

Markets  open  to  British  manufacturer,  489. 

Martin,  E.  P.,  on  consumption  of  coke  with 
fire-brick  stoves,  257. 

Masonry,  protection  of,  by  deposited  car- 
bon in  blast  furnaces,  222. 

Materials,  irregular  descent  of,  in  blast 
furnaces,  92. 

Mechanical  puddling,  trials  with,  365. 

Metallic  iron,  effect  of,  in  inducing  carbon 
deposition,  182. 

Metalloids,  behaviour  of  pig  iron  in  relation 
to.  154;  behaviour  of,  while  charge  is 
being  refined,  359;  contents  of,  in  steel 
and  iron,  435;  expulsion  of,  in  Bessemer 
and  other  processes,  388;  influence  of,  on 
quality  of  pig  iron,  155;  reaction  of, 
in  Siemens  process,  430;  removal  of, 
as  affected  by  high  temperature,  400; 
removal  of,  by  various  processes.  398; 
removal  of,  from  pig  iron  as  affected 
by  temperature.  400;  removal  of,  from 
pig  iron  in  Styrja,  397;  removal  of, 
in  Bessemer  process,  391;  removal  of, 
in  refining  process,  355;  separation  of, 
in  puddling  furnace,  360;  transference 
of,  from  cast  to  wrought  iron  at  high 
temperature,  160.  (See  also  hhut  fw- 
nace.) 

Mickles's  proposal  to  use  hydrogen  in  blast 
furnace,  329. 

Mineral  carbon  compared  with  vegetable, 
304. 

Minerals  used,  connection  with  quality  of 
iron,  151. 

Miners,  cost  of  living  in  the  North  of 
Enghmd  of,  487. 


Missouri,  iron  mountain  of,  676 ;  ore,  cost 
of  conveying  minerals  for  iron  made 
from,  692 ;  wages  of,  677. 

Mixtures  of  carbonic  oxide  and  carbonic 
acid,  reducing  powers  of,  intensified  by 
hydrogen,  313;  of  carbonic  oxide  and 
carbonic  acid,  reducing  power  of,  313. 
(See  also  hhut  furnace.) 

Moisture  contained  in  coke  and  charcoal, 
236 ;  in  air  blown  into  furnace,  241. 

Monkbridge,  economy  of  revolving  puddl- 
ing furnace  at,  374. 

Monopolists  in  Great  Britain,  Philadelphia 
press  on,  577. 

Mushets  connection  with  Bessemer  process, 
383 ;  discovery  of  value  of  manganese  in 
Bessemer  process,  20. 

Nail  rods,  cost  of,  in  1727,  350. 

Nancy  ore,  earthy  constituents  of,  com- 
pared with  Cleveland,  171. 

Nasmyth,  hammer  of,  26. 

Neilson,  J.  B.,  application  of  hot  blast  by, 
81 ;  hot  blast,  invention  by,  16. 

New  Jersey,  flux  required  in  smelting 
magnetic  ores  of,  58;  ore,  cost  of  con- 
veying minerals  for  iron  made  from,  691. 

Nitrogen,  estimate  of  O  and  C  in  furnace 
gases  therefrom,  271;  in  coal  dissipated 
by  coking,  326 ;  in  furnace  gases,  270 ; 
proportipn  of  to  carbon  in  blast  furnace 
gases,  68;  quantity  of,  in  Scotch  coal, 
327. 

North  America,  coal  resources  of,  448. 

North  of  England,  cost  of  living  in,  487; 
production  of  malleable  iron  in,  459. 

North  Staffordshire  smelters,  use  of  raw 
coal  by,  122. 

Northern  States  of  America,  difficulty  at- 
tending manufacture  of  iron  in,  689; 
weight  of  iron  ore  produced  in,  690. 

Norway,  iron  shipbuilding  in,  706,  721. 

Oolitic  ores,  smelting  of,  with  Derbyshire 
raw  coal,  324. 

Open-hearth,  and  Bessemer  steel  compared, 
432, 435 ;  steel  boiler  plates,  &c.,  analyses 
of,  434;  steel,  certain  costs  of  manufac- 
ture of,  432 ;  steel,  quality  of,  compared 
with  that  of  Bessemer  steel,  434;  steel, 
statistics  of  production  of,  432. 

Ore,  advantages  of  their  free  exposure  to 
reducing  gases,133 ;  and  coal,  profit  on,  per 
ton  of  Iron  in  U.S.A.,  694 ;  and  fuel,  mix- 
ture of,  exposed  to  mixtures  of  carbonic 
oxide  and  carbonic  acid,  286  ;  changes  in, 
during  descent  in  furnace,  219 ;  changes 
in,  estimated  by  changes  in  gases,  206 ; 
cost  of,  for  steel  making,  387 ;  differ- 
ences in  reduction  of,  82;  effects  of 
difference  in,  in  blast  furnace,  94 ;  im- 
ported, cost  of  conveying  minerals  for 


738 


INDBX. 


Ore — Continued. 
iron  made  in  U.S.A.  from,  691 ;  in  clisr- 
coal  f nrnaces  not  rednced  in  four-fifths 
of  height  of  fnmace,  296 ;  in  ch&rcoal 
furnace,  withdrawal  of  oxygen  from,  296; 
of  iron,  importations  of,  into  Ghneat 
Britain,  cause  of,  3 ;  output  of,  in  Cleve- 
land, 520 ;  output  of,  in  Luxemhurg, 
519 ;  pig  iron  obtained  in  United  King- 
dom from,  886;  process,  a  form  of 
direct  process,  85;  process  for  making 
open-hearth  steel,  430;  quantity  of  carbon 
required  for  reduction  of  iron  in,  33; 
quantity  used  in  United  Kingdom,  386 ; 
i^uction  of,  in  blast  furnace  by  carbonic 
oxide,  82 ;  re-oxidation  of  reduced  iron  in 
by  watery  vapour,  321;  suitable  for 
manufacture  of  steel,  386 ;  temperature 
required  for  reduction  of  iron  in,  83. 
(See  also  hUut  furnace^ 

Ormesbv  furnaces,  consumption  of  coke  at, 
269 ;  lormula  for  estimating  carbon  from 
coke  used  in,  273 ;  heat  coefficient  at,  254 ; 
loss  of  heat  in  escaping  gases  at,  248. 

Osmund  furnace,  11. 

Ovens,  fined,  use  of,  in  Durham  for  coke- 
mi&ing,  51. 

Overblow  ift  Bessemer  blow,  dense  brown 
fumes  caused  by,  418. 

Oxidation,  of  carbon,  degrees  of, '  251 ; 
different  quantities  of  heat  afforded 
by,  48;  of  carbon,  heat  developed  by, 
205;  of  carbon,  heat  produced  by,  88; 
of  charcoal  when  burnt  with  super- 
heated air,  308;  of  iron  by  carbonic 
acid,  184;  of  iron  in  basic  process,  heat 
from,  423. 

Oxide,  carbonic  (see  carbonic  oxide); 
of  iron,  amount  of,  used  in  puddling 
Cleveland  iron,  365 ;  of  iion,  action  m. 
carbonic  oxide  on,  70;  of  iron,  action 
of  carbon  on,  197;  of  iron,  artificially 
prepared  experiments  on,  83 ;  of  iron, 
bottoms  for  puddling  furnace,  suggested 
by  S.  B.  Rogers,  351;  of  iron,  change 
of  grey  to  white  iron  by  contact  with, 
159;  of  iron,  disassociation  of  carbonic 
oxide  by,  189 ;  of  iron,  effect  of  increased 
use  of,  in  puddling,  362;  of  iron,  experi- 
ments with,  for  dephosphorizing  iron,  396; 
of  iron,  in  basic  slag  at  different  periods 
of  blow,  418  ;  of  iron,  incapable  of  being 
completely  reduced  by  carbonic  oxide, 
291 ;  of  iron,  reduction  of,  by  carbonic 
oxide,  186;  of  iron,  reduction  of,  near  ta 
tuyeres,  173;  of  iron,  use  in  converter,  406. 

Oxides  of  carbon,  antagonistic  forces  of, 
in  blast  furnace,  iS;  effect  of,  on 
behaviour  of  materials  in  fuhiace,  182. 
(See  hloH  furnace,) 


Oxygen,  absorption  of,  at  different  rt^s 
of  Bessemer  blow,  391 ;  abeorption  cC 
by  silicon,  kc.,  in  Bessemer  blow,  390; 
amount  of,  required  to  oxidise  ircm  tad 
metalloids  in  refineiy,  852 ;  and  csiboB. 
alteration  in  quantities  of,  in  fomaoe 
gases,  213,  214;  and  carbon,  at  diffeRst 
levels  of  furnace,  212  ;  at  tuyeres,  Elxl- 
men  and  Turner  thereon,  212;  aad 
carbon  in  furnace,  irregiilarities  in  quss- 
titles  of,  208 ;  comparative  amount  of, 
in  iron  and  basic  steel,  413 ;  contributed 
by  calcined  limestone,  211;  eatijaaa&m 
of,  in  gases,  207 ;  in  coke,  104 ;  in  gasei. 
estimation  of,  2i70 ;  in  minerals  and  in 
air,  mode  of  calculating,  271 ;  in  oxide 
of  iron,  acidification  of  carbonic  oxide  bj, 
118 ;  loss  of,  by  oxide  of  iron  by  expo- 
sure to  reducing  gases,  121 ;  of  gasei  of 
blast  furnace,  limits  of  mean  satniatiflo 
by,  79 ;  quantity  of,  in  coke,  237 ;  quan- 
tities of,  in  gases  at  different  levc^  806; 
required  for  acidification  in  Bessesaer 
process,  410;  saturation  of  gases  f^  bbit 
furnaces  by,  77 ;  separated  at  hearth  «i 
blast  furnace,  218;  Tucker's  mode  at 
estimating  quantity  in  malleable  iroa. 
373 ;  withdrawal  of,  from  ore  in  charoosl 
furnace,  296.  (See  also  blast  furnace, 
carbon  and  carbonic  oxide  and  eer- 
bonic  add,) 

Peat,  use  of,  in  Vordenburg  furnaces,  136. 

Pecten  seam  of  ironstone,  Cleveland,  119. 

Percy,  Dr.,  work  on  iron  by,  25. 

Pemot  furnace,  433 ;  use  in  purifying  iioai 
by,  433. 

Petroleum,  experimental  use  of,  in  Usst 
furnace,  137;  injected  at  tuyeres,  iron 
smelted  by,  342. 

Phosphate  of  lime,  decomposition  of,  1? 
iron,  410. 

Phosphoric  acid  volatile  at  high  tempeia> 
tures,  897. 

Phosphorus,  almost  invariable  presence  of* 
in  iron-making  materials,  165;  andfol- 
phur,  quantity  of,  in  pig  and  slag,  8$7; 
behaviour  of,  m  Bessemer  converter,  861; 
behaviour  of,  under  different  conditions, 
389;  conditions  affecting  separation  of. 
from  pig  iron,  396 ;  content  of,  affeets 
quality  of  iron,  345 ;  content  of,  in  iron 
rails,  428;  expulnon  of,  in  different 
processes,  389;  in  basic  process,  refdao^- 
ment  of  silicon  by,  416 ;  minute  propor* 
tions  only  of,  admissible  in  steel,  165; 
removal  from  white  iron  by  banc  prooes, 
417;  removal  of,  by  oxide  of  iron,  401; 
removal  in  puddling  of,  by  oxide  of  uoa 
bottoms,  852;  removal  oif,  by  poddlisg 
process  and  by  direct  process,  874;  sBpir- 
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Pliosphoms — Coniinued. 

Ation  by  basic  process,  4;  separation  from 
pig  iron  of,  8;  taken  up  bj  pig  iron,  165. 
^  (See  also  blast  furnace  and  pig  t'roii). 

^Hg  iron,  Abram  Hewitt  on  cost  in  Southern 
states  of  America,  586 ;  behayiour  of 
carbon  in,  155 ;  behaviour  of,  in  relation 
to  metalloids,  154;  behaviour  of  silicon  in, 
162;  Bessemer  and  Cleveland,  analyses 
of,  888;  Cleveland  and  Bessemer,  metal- 
loids in,  888 ;  comparative  costs  in  diff- 
erent lolalitics  of,  682;  comparative 
strength  of  hot  and  cold  blast,  150; 
composition  of  Cleveland,  147;  com- 
position of,  from  Nancy  ore,  172 ;  com- 
jftwition  of,  suitable  for  mill  purposes, 
1^;  cost  of,  in  Southern  States  of 
America,  585;  cost  of  making  in  1727, 
848;  estimation  of  coke  required  for 
■melting,  261 ;  exports  of,  and  other  iron, 
1871  to  1882, 444 ;  exports  of,  from  Great 
Britain  and  other  countries,  1871  to  1880, 
445;  extended  use  of,  25;  fluidity  of,  pro- 
moted by  silicon,  163;  glazed,  analyses 
of,  162 ;  grade  of,  not  necessarily  affected 
by  quali^  and  quantity  of  carbon,  158 ; 
greyness  of,  affected  by  temperature,  149; 
highest  recorded  carbon  in,  at  Clarence 
Works,  157;  increase  in  production  of, 
in  principal  countries,  445;  increase  of 
production  of,  16;  made  from  ores 
consumed  in  United  Kingdom,  455; 
make  of,  in  districts  where  no  ore  is  raised, 
455 ;  make  of,  in  Great  Britain,  in  1740, 
443;  manufacture,  economy  of  labour  in, 
61 ;  manufacture,  recent  history  of,  607; 
maximum  carbon  in,  157 ;  occurrence  of 
sulphur  in,  163;  partly  grey  and  partly 
white  from  Clarence  furnaces,  analyses 
of,  154;  presence  of  calcium,  magnesium, 
and  aluminium  in,  167;  prices  of,  from 
1782  to  1826,  16;  production  of  cinder 
in  making,  168;  production  of,  up  to 
1788,  14;  proportion  of  phosphorus  and 
sulphur  contained  in  minerals  which  passes 
into  pig  ir5n,  857 ;  purer  kinds,  analyses 
of  148 ;  quality  of,  as  affected  by  minerals, 
used,  151;  quantities  of,  made  in  Great 
Britain  and  in  all  other  countries,  444 ; 
railway  dues  in  manufacture  of,  595; 
separation  of  phosphorus  from,  8^  396; 
Scotch,  analysis  of,  816;  statistics  of 
make  of,  in  United  Kingdom  for  years 
1860-70-80,  456;  Swedish  and  English, 
analyses  of,  846;  tendency  of  iron,  to 
combine  with  carbon  in,  160;  waste  (^, 
in  making  bar  iron  in  1727,  850;  white, 
analyses  dn.50.  (See  also  bUutJnmaee 
and  east'iron.) 
PUot  Knob>  ore  of,  678. 
Port  Washington,  iron  works  of,  678. 


Potassium,  existence  of,  in  the  blast  fur- 
nace, 167. 

Pressuro  of  blast,  great,  used  in  United 
States,  92. 

Price,  J.,  furnace  of,  21 ;  removal  of  phos- 
phorus from  pig  iron,  by,  408. 

Protective  duties,  against  British-made  iron, 
467;  effect  of,  446;  effect  of  variation 
of,  in  Germany,  461. 

Provisions  and  labour,  connection  between 
prices  of,  558. 

Provisions,  American  imports  of,  into 
Great  Britain,  480 ;  connection  between 
labour  and  cost  of,  553 ;  cost  in  America, 
548 ;  cost  of,  America  and  Great 
Britain  compared,  546;  at  Lake  Superior, 
551;  expense  of,  in  America,  552;  fluctua- 
tions in  prices  of,  487 ;  in  America,  prices 
of,  in  1874,  549;  increase  in  prices  of, 
at  collieries  in  France,  482;  increased 
cost  in  Europe,  Dr.  Young  on,  483;  in 
France,  Dr.  Young  on,  482;  in  Germany 
and  Great  Britain,  483;  in  France, 
Ac,  482;  in  Germany  and  England 
per  &mily,  547;  in  Germany  and 
Great  Britain  compared,  488;  in  Great 
Britain,  551 ;  in  Switzerland,  482 ; 
occasional  high  prices  of,  487;  recent 
alterations  in  value  of,  477;  recent  in- 
crease of  prices  of,  in  America,  549; 
Southern  States  of,  558 ;  supplies  of,  to 
Great  Britain  from  America,  552 ;  trans- 
port charges  on,  483.  (See  also  board 
and  lodging,  butcher  meat,  cost  of  living, 
food.) 

Prussia,  development  of  iron  trade  in,  468. 

Public  houses,  effect  of  increase  of,  483. 

Puddlers  and  underhands,  wages  of,  from 
1870  to  1881  in  United  States,  569. 

Puddled  bar,  coal  used  in  manufacturo 
of,  363;  quantity  of  pig  used  per  ton 
of,  363. 

Puddling,  cinder  at  Bowling,  composition 
and  quality  of,  361 ;  different  modes  of, 
compared,  372;  forge,  prices  of  labour 
in  different  countries,  586 ;  furnace  and 
Bessemer  converter  compared,  382;  fur- 
naces and  Lancashire  fires  compared  as 
regards  quality  of  products,  154;  furnace, 
cost  of  different  systems  of,  372;  furnace, 
Danks*,  365,  366,  395;  furnaces,  decrease 
in  number  of,  in  United  Kingdom,  460 ; 
furnace,  fettling  for,  862 ;  improvements 
in,  by  S.  B.  Rogers,  15 ;  loss  of  iron  in, 
861;  mechanical  and  hand,  compared, 
371 ;  mechanical,  of  Creusot,  371 ;  number 
of  furnaces  at  work  in  1873  and  1882, 
877;  rationale  of,  860;  separation  of 
metalloids  in,  860;  services  rendered  by, 
877;  slags  from  hand  and  revolving 
furnaces,  895, 
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Puddled  iron,  future  of,  370 ;  great  irregu- 
larity in  wear  of,  378;  production  of, 
in  1873  and  1882,  877.  (See  alw  bar 
irotif  boiler  plates^  puddled  bctr^  pud- 
dling^ and  rails.) 

Puddling,  invention  of,  14;  iron  on  sand 
bottoms  in,  851 ;  pig  iron,  labour  at,  363; 
process,  evils  of,  368. 

Puddled  steel,  437. 

Purified  metal,  analyses  of,  404;  application 
to  manufacture  of  iron  and  steel,  405. 

Purifying  process,  results  obtained  by,  401. 

Kails,  average  life  of  iron  and  of  steel,  379 ; 
basic  steel,  durability  of,  425;  content 
of  phosphorus  in  samples  of,  365;  dis- 
placement of  u'on  by  steel  in  manufactnre 
of,  459 ;  duration  of  life  of  iron,  on  K.E. 
Railway,  378;  iron  and  steel  compared, 
380;  iron  and  steel,  economical  results 
of  use  of,  compared,  429 ;  iron,  content 
of  phosphorus,  &c.,  in,  428 ;  life  of,  when 
made  by  refinery  process,  364;  Losh's 
patent  iish-bellied,  life  of,  378;  mann- 
facture  of,  by  Siemens-Martin  process, 

*  430;  old  iron,  use  of,  in  making  steel, 
427;  steel,  power  of,  to  resist  abrasion, 
380;  weight  of,  laid  down  in  United 
Kingdom,  430.     (See  also  puddling,) 

Railway  bars,  economy  in  use  of  coal  for 
manufacture  of,  586. 

Railwav  rates,  British  and  foreign,  com- 
pared, 601;  foreign,  600;  in  Great 
Britain,  596 ;  in  United  States,  low  I'ates 
of,  596 ;  on  minerals  used  in  manufacture 
of  pig  iron,  595. 

Railways,  in  United  States,  extent  of,  572 ; 
use  of  iron  in,  18. 

Ramsbottom,  reversing  engine  of,  26. 

Rapidity  of  current  of  reducing  gas,  effect 
on  deoxidation  of  ore,  190. 

Raw  coal,  condensation  of  ammonia  and 
tar  from,  591;  use  in  blast  furnace  of, 
315,  590;  use  of,  in  smelting  hematite, 
323.     (See  also  blastfurnace.) 

Raw  materials,  choice  of,  for  Bessemer 
process,  385. 

R^umur's  process  for  making  steel,  426. 

Redshortnes^  of  Bessemer  iron  removed  by 
Speigeleisen,  383 ;  in  puddled  iron  made 
in  revolving  furnace,  373. 

Reducing  zone,  equilibrium  of,  established 
by  composition  of  gases  in,  78 ;  shown  to 
be  of  a  heat-producing  character,  77* 
(See  also  blast  furnace.) 

Reduction  of  ore,  causes  oi  acceleration  of, 
201 ;  languid  at  low  temperatures,  184. 

Refined  iron,  analyses  of,  354. 

Refined  metal,  advantages  of  use  of,  in 
puddling  furnace,  356;  composition  of, 
405;  puddling  of,  19;  puddling  of,  com- 


bination of  principle  of  low  hearth  sed 

Corf  8  furnace,  362. 
Refinery,    action    of     the,    352;    cbu^ 

in  condition  of  carbon  on  pig  iran,  ^, 

355;  cinders,  analyses  of,  359;  cost  d 

making  iron  in  the,  362;   effect  of,  ca 

quality  of  iron^  363;  employment  of .  xi 

blowing  cinder  pig,  358 ;  oxygen  required 

in,  to  burn  coke  to  carbonic  add,3»3; 

phenomena    of,     19;    quantity    of  sir 

delivered  to,  352. 
Refining  and  Bessemer  process  compared, 

^82. 
Refining  fire,  production  of  steel  in  a,  4961 
Rent  as  an  element  in  the  cost  of  fbo4 

539. 
Re-oxidation  of  iron  by  carbonic  oxide^  193b 
Repeal  of  foreign  duties,  supposed  effiert 

of,  447.  ^^^ 

Results  obtained  from  fuel  in  blast  fuimtt 

working  compared  with  those  of  other 

furnaces,  141. 
Reverberatory  furnaces,  cause  of  loss  ol 

heat  in,  139;  waste  of  heat  in,  139. 
Revolving  furnace,  at  Creosot,  working  of, 

371 ;  at  Monkbridge,  economy  of,  372; 

economy  of,  370;   quality  of  iron  pro- 
duced by,  368;   slag  in  iron  produced 

by,  368;  Williams,  £.,  and  Tanner  oo, 

375. 
Richards,  £.  W.,  association  of,  with  \mat 

process,  407. 
Rivet   iron,  by   refining   and   mecbanicil 

puddling,  367 ;  stren^  of,  367. 
Rocholl's    experiments    on    blast  furnace 

gases,  209. 
Rogers,  S.  B.,  suggested  use  of  oxide  of 

*  iron  bottoms  by,  351. 
Rolling  mills,  extended  application  of,  25. 
Royalty  dues,  incidence  of,  608;  on  minerab 

in  different  countries,  ^2. 
Running-out  fires,  analyses  of  slags  from, 

394 ;  refining  crude  iron  in,  352. 
Russia,  protective  duties  imposed  in,  467. 
Sand  bottom  for  puddling  furnaces,  35L 
Saving  by  successive  additions  of  heat  is 

bhist,265. 
Sa\dngs'  banks,  deposits  in,  494;  incresse 

of  deposits  in,  494. 
Scaffolding,  effect  of,  on  reducing  ga£8i> 

253. 
Schinz  on  dissociation  of  carbonic  oxid«b 

189. 
Schwechat  furnaces,  use  of  coke  in.  298^ 
Scotch,  bituminous  coal,  analysis  of,  120; 

blast  furnaces,  use  of  raw  coal  in,  315; 

pig  iron,  analysis  of,  816. 
Scotland,  use  of  raw  coal  in  blast  f  unaoH 

of,  120.    (See  also  blastfurnace,) 
Scouring  cinder,  causes  of,  161. 
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Sliipbnilding,  consumption  of  iron  in,  472 ; 
iron,  development  of,  471 ;  iron,  in  Nor« 
way,  706 ;  iron,  labour  at.  501. 
Siemens'  f  amace,  extent  of  power  of  f  ael 
utilised  by,  189;  for  steel  making,  21; 
principle  of,  described,  140 ;  the  probable 
future  of,  429;  value  of,  425. 
Siemens- Martin,  process  applied  to  rail 
manufacture,  430;  process,  oxidation  of 
metalloids  in,  when  steam  is  blown  into 
bath,  432 ;  process,  use  of  in  Styria,  426; 
steel,  quality  of,  compared  \«ith  Bessemer, 
432. 

Siemens,  reverberatory  gas  furnace  of,  in 
steel-making,  426.     (See  also  steel.) 

Silica,  almost  invariably  found  in  iron- 
making  materials,  161 ;  and  other  earths 
in  furnace  fume  possibly  due  to  reoxida- 
tion  of  sodium,  168;  condition  of,  in 
fume,  230 ;  effect  of  presence  of,  in  lime- 
stones, 57;  expulsion  of  acids  by,  893; 
extent  of,  in  slags  permitted  in  basic  pro- 
cess, 408;  in  slags  prevents  removal  of 
phosphorus,  400 ;  power  of,  to  neutralise 
oxide  of  iron,  397 ;  presence  of,  affecting 
the  removal  of  phosphorus  in  purifying 
process,  403;  presence  of,  in  blast  fur- 
nace, 356.     (See  also  blastfurnace.) 

Silicic  acid,  decomposition  of,  in  blast  fur- 
nace, 161. 

Silicon  and  carbon,  oxidation  of,  in  Bessemer 
"blow,"  391. 

Silicon,  behaviour  of,  in  Bessemer  converter, 
359 ;  brittleness  of  iron  containing  high 
percentage  of,  162  ;  difference  caused  in, 
by  substitution  of  cold  for  hot  blast,  150; 
occurrence  of,  in  pig  iron  accounted  for, 
161 ;  presence  of,  in  Cleveland  iron,  162 ; 
prevention  of  removal  of  phosphorus  by, 
899;  removal  of,  in  puddling,  402;  re- 
placement of,  by  phosphorus  in  pig  for 
basic  process,  416;  separation  of,  in  old 
fires,  352 ;  useful  in  increasing  fluidity  of 
iron,  163 ;  use  of,  in  Bessemer  converter, 
163.     (See  also  blastfurnace.) 

Slag,  additional  fuel  required  to  melt 
larger  quantity  of,  208 ;  analyses  of,  from 
Lancashire  hearth.  346;  Bessemer  and 
blast  furnace,  analyses  of,  392;  black, 
produced  by  imperfect  reduction,'  200; 
black,  proof  of  insufficient  heat  in  hearth, 
291 ;  composition  of,  in  Rhenish  Prussia, 
169;  from  basic  blow,  composition  of, 
420;  from  Clarence  furnace,  character 
of,  154;  from  Siemens'  steel  furnace, 
431 ;  heat  units  required  for  fusion  of, 
118 ;  in  iron  made  by  revolving  furnace, 
368;  produced  by  furnace  making  ferro- 
manganese,  166 ;  quantity  of,  in  smelting 
a  42^  ore,  118.   (See  also  blast  fumaeeT) 


Slags,  analyses  of  blast  furnace  and  Bes- 
semer, 894 ;  basic  matter  in,  394 ;  Bes- 
semer acid  slags,  silica  found  iil,  893'; 
composition  of,  at  different  periods  of 
Bessemer  blow,  392 ;  composition  of  ba- 
sic, at  end  of  blow,  419 ;  from  puddling 
furnace,  395;  from  running-out  fires, 
394;  oxides  of  iron  in,  during  basic 
blow,  418;  production  of,  in  making 
malleable  iron,  356 ;  weight  of,  compared 
with  weight  of  basic  steel  from  converter, 
419.    (See  also  blastfurnace  slags.) 

Slave  labour  in  U.S.A.,  554. 

Smoke,  absence  of,  in  process  of  utilismg:- 
waste  heat  of  coke  ovens,   SJ.-f^'t^fiitS 
from  Cleveland  furnaces,- MTT 

Snelus,  G.  J.,  on  the  Danks  furnace,  366; 
use  of  lime  in  converter  by,  406. 

Soaking  pits  of  John  Gjers,  440,  593. 

Soda  waste,  production  of  sulphide  iron 
from,  164. 

Sodium,  supposed  decomposition  of  chlorides 
by,  167. 

Southern  States  of  America,  as  competitors 
with  Northern  States  in  manufacture  of 
iron,  700 ;  as  exporters  of  iron  to  f oreig^i 
countries,  700;  cost  of  living  in,  554; 
Hewitt  on,  585;  ironmaking  in,  681; 
ore  and  coal  of,  679  694;  ore,  cost  of 
conveying  minerals  for  iron  made  from, 
683. 

Spain,  cost  of  living  in,  477 ;  wages  paid 
at  ironworks  of,  476. 

Spanish  hematite  ores,  imports  of,  into 
United  Kingdom,  450. 

Spathose  ore,  effect  of  carbonic  oxide  on,. 
285 ;  resources  of  United  Kingdom  in,  450. 

Specific  heat,  48. 

Spiegel  iron,  application  of,  to  Bessemer 
process,  38i3. 

Spirituous  liquors,  consumption  of,  490. 

Splint  coal  of  Airdrie,  120. 

Splitting  up  carbonic  acid,  by  carbon,  loss 
of  heat  by,  194 ;  soft  coke  by,  196. 

Static  equilibrium  in  composition  of  blast 
furnace  gases,  266. 

Steam  and  raw  coal,  water-g^  obtained 
from,  385. 

Steam*  effect  of,  in  Siemens-Martin  process, 
433;  raising  of,  at  collieries  by  waste 
heat  of  coke  ovens,  51. 

Steel,  Bessemer  process  for  making  of,  19; 
cast,  extended  use  of,  26 ;  importation  of, 
into  Great  Britain,  702, 714;  manufacture 
of,  from  phosphorus  pig,  407 ;  manufac- 
ture of,  in  low  hearths,  4^9 ;  necessity  for, 
18 ;  ore  required  for  manufacture  of,  2 ; 
probability  of,  superseding  iron,  451 ; 
progress  of  manufacture  of,  threatened 
by  want  of  raw  material,  387 ;    Siemens' 
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Steel— Continued. 
farnace  in  manafacture  of,  20;    me  of, 
for  making  tin-plate  ban,  348. 

Steel  ingots  and  steel  rails,  consamption  of 
coal  for,  693. 

Steel  rails,  basic  process  applied  to  mann- 
f actare  of  in  Germanj,  582 ;  consamption 
in  Germany  of,  581 ;  cost  in  Germany  and 
England  compu^,  580 ;  future  require- 
ments for,  714 ;  quotations  of,  583 ;  un- 
profitable nature  of  export  trade  in 
Germany  of,  581. 

Steel  rail  trade,  present  extent  of,  713 ; 
present  position  of,  712. 

Stour  works,  make  of  raw  iron  at,,  in  1727, 
348. 

Stoves  of  fire-brick,  errors  in  estimating 
value  of,  113. 

Strength,  comparative,  of  hot  and  cold 
blart  iron,  150 ;  of  cast  iron,  effect  of 
strain  and  temperature  on,  152. 

Strikes  in  anthracite  mines,  556. 

Stiickofen,  11. 

Styria  and  Carinthia,  occurrence  of  carbonic 
acid  in  making  white  iron  in,  201. 

Styrian  charcoed  furnaces  compared  with 
Swedish,  302. 

Sulphur,  affinity  of  iron  and  lime  for,  164; 
and  phosphorus,  quantity  of,  in  pig  and 
slag,  357 ;  content  of,  in  Durham  coke, 
104;  counteracting  of  evils  of,  by  lime, 
103 ;  effect  of,  on  pig  iron,  163 ;  effect 
of  presence  of,  in  coke,  103 ;  found  more 
largely  in  white  than  in  grey  iron,  164; 
occurrence  of,  in  pig  iron,  163 ;  prevents 
separation  of  gpraphitic  carbon  in  pig  iron, 
103.    (See  a,\ao  hhut furnace.) 

Superheat^  air,  advantage  of,  90,  92, 118 ; 
and  charcoal,  298 ;  examples  of  working 
with.  107. 

Superiority  of  blast  furnace  to  any  other 
used  for  iron-making,  140. 

Sweden,  low  temperature  of  blast  in,  283 ; 
performances  of  27  charcoal  furnaces  in, 
130 ;  wages  paid  at  ironworks  of,  477. 

Swedish  charcoal,  furnaces  duty  performed 
by,  278 ;  furnaces,  consumption  of  char- 
coal in,  274 ;  furnaces,  low  temperature 
of  blast  at,  132,  283 ;  iron,  analyses  of, 
345 ;  iron,  early  use  of,  in  Bessemer  pro- 
cess, 383 ;  iron,  high  price  of,  347 ;  method 
of  making  malleable  iron  by,  advan- 
tages of,  346;  works  making  Bessemer 
iron,  particulars  of,  277;  works  making 
grey  forge  iron,  results  at,  276. 

Switzerhind,  cost  of  provisions  in,  482. 

Tar  and  amtnonia,  recovery  of,  from  furnace 
gases,  314,  326. 

Temperature,  and  condition  of  lur,  effect  of, 
on  combustion  of  coke,  238;  at  which 


carbon  and  carbonic  oxide  act  on  peraade 
of  iron,  71 ;  at  which  carbonic  add  b^ 
to  act  on  iron  and  carbon,  71 ;  effect  «C 
differences  in,  on  quality  of  metal,  158; 
effect  of,  in  blast,  on  certain  sabstaacei 
found  in  pig  iron,  150 ;  effect  of  inuis 
of,  on  benariour  of  aulj^iir  in  ]sg  im, 
149;  effect  of,  in  removal  of  metaikidi, 
400,  402;  effect  of,  in  removing  pihos* 
phoms,  397 ;  effect  of,  on  phosphonis  in 
pig  iron,  149 ;  effect  of,  on  strength  dt 
cast  iron,  152;  high,  effect  of,  on  eob 
and  charcoal,  289;  high,  effect  of  a- 
posure,  caat  iron  to,  on  condition  of  cv- 
bon,  159 ;  high,  effect  of,  on  rednctioo  d 
silicon,  162 ;  high,  in  Be^mer  oonveito-, 
maintained   by  silicon,  168;    in   bane 
process,  422 ;  increased  rate  of,  towards 
hearth  in  charcoal  fomaoes,  2%;  la- 
fluence  of,  in  removal  of  plias|rfioras  ia 
puddling,  403;   low,    in   blast  fnraace^ 
effect  of,  on  sulphur,  1 64 ;  low,  of  bbst,  is 
Sweden,  283;  mode  of  ascertaining,  ii 
charcoal  furnace,  295;  most  favoonUe 
for   carbon    deposition,    190;    of   bane 
blow,  425;    of   blast   and  capacity  of 
furnace,  tables  showing  results  e&ctcd 
by,     244;    of    bUst,    each    snccesnve 
addition    to,  not    attended    wiUi  sane 
economy,  87;    of  blast  in  Yor&smha% 
furnace,  283;  of  blast,  limit  to  wbidi  it 
can  be  raised,  266 ;  of  blast,  limit  of  profit- 
able increase  of ,  86 ;  of  blast,  limits  cf 
useful  elevation  of,  124 ;  of  blast,  valiie  cf 
successive  additions  to,  249 ;  of  differoit 
levels  of  blast  furnaces,  208 ;  of  escajsog 
gases,  changes  in,  before  and  after  charg- 
ing furnace,  180;    of    escaping   gssss 
effect  of  by  a  round  of  materials  on,  180; 
of  escaping  gases,  in  determining  actaoa 
of  mixtures  of  carbonic  oxide  and  car- 
bonic acid  in  reduction  of    ore,    185; 
of  gases  determined  by  chemical  actioB 
in    upper    zone    of    furnace,    99;    of 
gases,  increase  of,  while  disoontinimig 
charging,  178;  of  materials  filling  tvo 
furnaces,  diagram  of,  203;    of  waters 
gas  as  generated  from  coke,  332;  re- 
quired for  deoxidation  of  Cleveland  oie^ 
191 ;  required  for  oxidation  of  iron  by  ov- 
bonic  acid,  184.    (See  also  hloHfumnee,) 

Thickness  of  the  CleveUud  ironstone,  119l 

Thomas  and  Gilchrist^  use  of  lime  lining  bf, 
406. 

Timber  as  a  source  of  heat  in  the  Uait 
furnace,  134. 

Tin-plate   bars,  iron  used   for,  in  Gicsi 
Britain,  348. 

'ntanium,  presence  of,  in  iron,  167. 

Tooth's  revolving  f omaoek  366. 


nn)Ex. 


748 


Transport  charges,  America,  to,  on  pi^  iron, 
604 ;  cheap  instance  of,  hy  water  in  the 
United  States,  595  ;  coal  and  ore,  on,  698 ; 
increase  of,  and  effect  on  American  agri- 
culture, 608;  in  Southern  States  of 
Axnerica,  694;  of  iron  ore  in  United  States, 
473 ;  on  iron  from  imported  ores,  691 ;  on 
iron  from  Iron  Mountain  of  Missouri, 
692 ;  on  iron  from  Lake  Champlain  ore, 
691 ;  on  iron  from  Lake  Superior  ore,  690; 
on  iron  from  New  Jersey,  691 ;  on  rail- 
ways,Briti8h  and  Foreign,  compared,  601 ; 
United  Kingdom  and  United  States  com- 
pared,  473;  wheat,  on,  from  United  States 
to  Liverpool,  541.  (See  also  railway 
rales.) 

Tndhoe  refined  iron,  analyses  of,  355. 

Tnnner,  examination  of  W  rhna  f  amace  by, 
293. 

Tuyeres,  hlowing-in  fuel  for  smelting  iron 
at,  137;  carbon  burnt  at,  in  blast  furnace, 
68 ;  composition  of  gases  at,  177;  decom- 
,  position  of  water  at,  172 ;  disappearance 
of  carbonic  acid  at,  200 ;  effect  of  derange- 
ment at,  168 ;  effect  of  increase  of  tem- 
perature at,  104;  heat  evolved  at,  162; 
increase  of  oxygen  and  carbon  at,  211 ; 
injecting  gas  at  the,  137;  quantity  of 
oxygen  which  should  be  found  at,  214; 
sm&Ll  Quantity  of  carbonic  acid  at  the, 
200.  (See  also  hUut  furnace.)  • 
United  Kingdom,  consumption  of  drink  in, 
492;  exports  of  iron  from,  and  imports 
into,  707. 
United  States,  as  an  iron  exporting  centre, 
472, 695 ;  Bessemer  works  in,  571 ;  blast 
furnace  labour  in,  562;  cheap  convey- 
ance by  water  in,  595;  colliery  labour 
in,  558;  costs  of  iron  in,  689;  cost  of 
iron  ores  in,  472;  cost  of  labour  and 
cost  of  food,  connection  between,  553; 
earnings  in,  565;  expense  of  provisions 
in,  552 ;  export  of  fo(>d  from,  558  ;  farm- 
ing in.  540;  farming  in,  Clare  Sewell 
Bead  thereon,  541;  finishing  mills,  wages 
at,  509 ;  increased  production  of  iron  in, 
446 ;  iron  ore,  resources  of,  472 ;  labour 
in,  539 ;  living  and  labour,  cost  of,  547 ; 
malleable  iron  labour  at.  566 ;  mechanics 
in,  compared  with  England,  559;  ore 
mines  in.  compared  with  England,  557  ; 
position  of  iron  trade  of,  468 ;  provisions 
from,  480;  puddling,  cost  a£,  in,  566; 
railways  in,  572 ;  Weeks,  J.  D.,  on  labour 
in,  575;  wheat,  cost  of  growing  in,  544; 
wheat  freight  into  England  ^m,  542; 
wheat  in,  Bead  and  Pell  on,  541.  (See 
also  America^) 
Utilisation  of  waste  heat  of  coke  ovens  in 
raising  steam,  51. 


Value  of  products  recovered  from  coking 
coal,  828. 

Variations  in  the  conditions  of  making  pig 
iron,  262. 

Vaughan,  John,  improvements  in  blast 
furnaces,  by,  23. 

Volatile  constituents  should  be  expelled  in 
upper  part  of  blast  furnace,  46. 

Voi^ernberg  furnaces,  temperature  of  blast 
at,  288. 

Wages,  agricultural,  475;  agricultural, 
determine  to  some  extent  wages  in  manu 
factures,  477;  agricultural,  on  Medi- 
terranean, 476 ;  blast  furnaces,  Cleveland 
and  Continent  of  Europe  compared,  521 ; 
blast  furnaces,  England  and  United  States 
compared,  562 ;  effect  of  gold  discoveries 
on,  497;  effect  of  high,  on  iron  trade, 
464;  effect  of  improvement  in,  497; 
high,  connection  of,  with  drinking  habits, 
491 ;  in  anthracite  mine  of  America,  555 ; 
in  coal  work,  America  and  Durham,  558 ; 
in  Connellsville  coal  region,  etc.,  558 ;  in 
mining  ore,  in  England  and  America,  559; 
mechanics',  in  England,  559 ;  mechanics', 
in  United  States,  560;  mechanics', 
England  and  United  States  compared, 
561;  of  mechanics,  British  and  foreign 
compared,  499;  of  mechanics,  increase 
of,  497;  paid  at  Indian  tea  plantations 
and  blast  furnaces,  476  ;  paid  at  Spanish 
ironworks,  476 ;  paid  at  works  in  Austria 
and  Sweden,  477 ;  purchasing  power  of, 
479. 

Wales,  South,  experience  of  fire-brick  stoves 
in,  257;  waste  of  iron  in  puddling  in, 
863. 

Walloon  fires,  845. 

Waste  in  basic  and  acid  Bessemer  processes 
compared,  412;  in  combustion  of  raw 
coal,  percentage  loss  of  heat  evolved  by, 
139 ;  of  heat,  avoidance  of,  247. 

Water,  amount  of,  in  furnaces  using  raw 
coal,  324 ;  decomposition  of,  in  hearth  of 
blast  furnace,  322 ;  effect  of,  in  blast  fur- 
nace, 172 ;  evaporation  of,  in  best  marine 
engine,  138;  quantitv  condensed  at  gas 
works  per  ton  of  coal,  814;  uncombined 
effect  of  presence  of,  in  blast  furnace,  236. 

Water-gas,  analysis  of.  838;  as  obtained 
from  steam  and  raw  coal,  385  ;  carbon 
required  for  generation  of,  381 ;  Dawes 
trials  of,  in  blast  furnace,  829;  generated 
from  coke,  temperature  of,  882;  heat 
from,  compared  with  that  from  raw  coal, 
835 ;  most  recent  mode  of  manufacture 
of,  830 ;  product  obtained  f rom>coal,  334 ; 
production  of  at  Essen,  329 ;  proposed  as 
a  fuel  for  smelting  iron,  829 ;  proposed 
use  in  blast  furnace.  598;  pure,  heat  from 


